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“But however secure and well-regulated civilized life may become, bacteria, Protozoa,
viruses, infected fleas, lice, ticks, mosquitoes, and bedbugs will always lurk in the
shadows ready to pounce when neglect, poverty, famine, or war lets down defences.
And even in normal times they pray on the weak, the very young and the very old,

living along with us, in mysterious obscurity waiting their opportunities. About the only
genuine sporting proposition that remains unimpaired by the rel entless domestication of
aonce free-living human speciesis the war against these ferocious little fellow creatures,
which lurk in the dark corners and stalk usin the bodies of rats, mice, and insects, and
waylay usin our food and drink and even in our love.”

Hans Zinnser (1934), Rats, lice and history. The biography of a bacillus.
page 12
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Chapter 1

Abstract

Background- Both hepatitis B and A infections (HBV, HAV) are caused by a virus and are
vaccine-preventable. Both viruses are ubiquitous, with high incidence in the developing
world; incidence is low in the industrialised world, where these infections are, neverthe-
less, among the most frequently reported communicable diseases. In the Netherlands
each year, 350 individuals are admitted to hospital with illnesses related to HBV, of whom
60 die; 130 are admitted as a consequence of HAV, with one or two deaths. The majority
of both infections are silent, however, which contributes in unknown part to their transmis-
sion.

Epidemiology- The nationwide incidence of reported acute HBV decreased by more than
half since the early eighties, from 6 to 1.2/100.000. In Amsterdam reports similarly de-
creased in the last decade from highest levels in 1986 and 1993 (8.4/100.000) to lowest in
recent years 1997-2002 (2.2-3.7/100.000). The groups at highest risk are men having sex
with men (MSM), and heterosexuals with multiple and/or unsafe sexual contacts. Injecting
drug users (IDUs) used to be an important risk group, but are not reported anymore. The
nationwide incidence of reported acute HAV is currently less than 4.4/100.000. In Amster-
dam, the HAV reports decreased since 1998 from average 25/100.000 to recent years in
the range of 7 — 14/100.000). Most reported cases come from travellers plus household
and school contacts of cases. The number of MSM reports is increasing, but IDUs are not
reported with HAV. For both HBV and HAV, in over 20% of cases no probable source can
be found.

Control- Universal vaccination seems not cost-effective in either disease. For HBV, the
Netherlands relies on a highly targeted vaccination approach, with antenatal screening
and neonatal vaccination. This program seems effective, according the results of the
evaluations in 1992. People in behavioural risk groups have been advised to seek vacci-
nation, but not systematically covered. Vaccination strategy against HAV is in its infancy.
Vaccination is advised for children that regularly travel to countries with intermediate or
high endemicity for HAV, but no national policy is implemented. Local initiatives by mu-
nicipal health service (MHS) facilities try to improve coverage for this group. As for MSM,
no policy is implemented at a national or local level.

Aims of the studies- Of the studies presented in this thesis, two evaluate existing HBV
vaccination programs (for screening pregnant women and vaccinating their newborns, and
household contacts). One evaluates a pilot program directed at behavioural risk groups.
For HAV, the present post-exposure policy is evaluated. Three studies describe modern
molecular techniques, that, combined with sound epidemiological data, can illuminate
unknown patterns of transmission of both agents.
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Chapter 1

Introduction

Hepatitis B and A illness differ little in clinical presentation. Both cause mild, if
any, disease in children, but can cause more morbidity at higher ages. Both vi-
ruses are ubiquitous, but have low incidence in the rich industrialised western
world, while having high incidence in the developing world.

Figure 1 Global prevalence

Figure 1.a HBV
Global endemicity of HBV. Shown in green are areas of HBsSAg prevalence ex-
ceeding 1%, equalling areas with overall prevalence of HBV markers > 10%

Hepatitis B, 2002
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Source: www.who.int/ith/chapter05_mO04_hepatitisb.html, accessed November 2003

The geographical distribution of serotypes and geno-
types:

- A North and Central Europe (Old World, adw2, ayw1)
- B East Asia (adw2, ayw1)

- C Pacific and Asia (adw2, adrq®)

- D Mediterranean, Middle East (Old World, ayw3,
ayw?2) with spread in Western world

- E West Africa (ayw4)

- F South America (adw4, ayw4)

- G France

- H Central America
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Figure 1.b HAV

Global endemicity of HAV. Shown in green are areas of antiHAV prevalence in
adolescents exceeding 10%.
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Source: /www.who.int/ith/chapter05_mO03_hepatitisa.html, accesed November 2003

Geographical distribution of genotypes:

1A America’s, Asia, Russia, (IA representing
2/3 of all studied strains)

B Mediterranean area, Australia, Europe,
South America

1l France

IIA  India, Sri Lanka, Nepal, Malaysia, (and also
found in captive owl monkeys)

1B Denmark, Japan

Vil Sierra Leone
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Hepatitis B and hepatitis A virus (HBV and HAV) infections are both vaccine-
preventable, but the two ilinesses differ in historical background, clinical spec-
trum of disease, causative viruses, mode of transmission, and epidemiology.
Thus, they require different control strategies. The simplest approach would be
universal vaccination for both, but this is at present infeasible in the Netherlands
due to costs, possible side effects, ethical considerations, and societal reluctance
to augment the childhood vaccination program.

This thesis addresses the control of HBV and HAV in Amsterdam, The Nether-
lands, an area of low endemicity. Existing control programmes were studied, a
new approach was tested, and modern technology was used to unravel the epi-
demiology, that should form the basis for future policy decisions. Most of the
work was done in the Department of Infectious Diseases of the Municipal Health
Service (MHS) Amsterdam, which offers public health nurses that are willing to
register their activities routinely in a database and, essential but unique in this
country, a public health laboratory within the same organisation. The epidemiol-
ogical situation in Amsterdam (approximately 735.000 inhabitants) differs slightly
from other parts of the country (approximately 16 million inhabitants), but conclu-
sions from our studies apply nationwide, and might benefit areas of low endemic-
ity outside the Netherlands.

Several textbooks fully describe the historical background (1), the virology (2-4),
the clinical picture (5), the basic epidemiology (6) and vaccinology (7; 8) of HBV
and HAV. As an introduction to the seven studies that form this thesis, a brief
description follows as to their burden of disease in the Netherlands, the Dutch
epidemiological situation and control strategies, and the basics of typing of these
two viral agents. Finally, the aims of the seven studies are presented.

Disease burden of viral hepatitis B and A

HBYV clinical spectrum

In most HBV-infected children and adults, symptoms are absent or non-specific.
Notification data (i.e, reports to MHS) thus present an incomplete picture of HBV
epidemiology. One third of infected individuals develop an icteric phase of 2-6
weeks. Rarely, acute symptomatic HBV infection leads to acute liver failure (1%)
and death (0,1%), but more than 95% of adults spontaneously and completely
recover (9), while 3-5% remain persistently infected and are at increased risk to
develop of cirrhosis and hepatocellular carcinoma over the ensuing decades at
the rate of 1/1000 chronically infected/year(10; 11). Clearing the virus is age de-
pendent. In contrast to adults, HBV infection in children can often lead to persis-
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tent infection. Infection at birth leads in 95% of cases to persistent infection,
compared to 30% if infected ages 0-6 years; adolescents seldom become
chronically infected. The liver-related mortality rate for chronically infected HBV
patients is around 1/1000 person years. In HIV co-infected individuals, spontane-
ous recovery from HBV infection is reduced (12; 13), and the liver-related mortal-
ity rate is 14/1000 person years (14).

HBYV hospital admissions and mortality

Patients with any disease are coded at hospital discharge according to the Inter-
national Classification of Diseases with a primary and secondary diagnosis.
There is a code for HBV, but the coding criteria do not encompass all sequelae of
chronic HBV. Several diagnoses might mask HBV-infection, such as hepatic
coma, liver cirrhosis, hepatocellular carcinoma, but might equally reflect other
pathologies. When the National Institute of Public Health and the Environment
(RIVM) analysed data of years 1993-97 (15), it found that each year 165 patients
were discharged with a putative primary diagnosis HBV. Another annual 165
were coded as chronic hepatitis, 350 as hepatocellular carcinoma, and 750 as
non-alcoholic cirrhosis of the liver (15). Whether these numbers represent new
cases or readmissions for the same patient is unknown, as is the percentage of
HBYV related disease under each code.

The national death registry, for the years 1991-94, recorded an average of 4
deaths/year with acute HBV as primary cause (15); in years 1996-2001 the aver-
age was 2.2 (16). From 1996-2001, an annual 30-60 persons (average 43) died
following chronic HBV. Similar to hospital data, other causes of death (chronic
hepatitis, liver cirrhosis, hepatocellular carcinoma) might mask HBV-infections.
These causes of death combined, cause an average 500 deaths annually (15).
This total of 500 would be an overestimation of HBV related deaths. The number
of deaths is directly related to the number of chronically infected individuals, as
indicated above, in a rate of 1/1000 chronically infected person years. The Health
Council of the Netherlands estimated size and carrier rate of known groups at
high risk of acquiring HBV (17). Based on these estimates, the minimum number
of chronic carriers can be estimated at approximately 60.000. These data are far
from accurate, but represent a reasonable guess. Correspondingly, 60 annual
deaths can be expected, but the true number of HBV-related deaths remains
unknown.

HAV clinical spectrum

Age is the most important factor related to clinical expression. Of children 5 years
and younger, 70% have undetected or non-specific symptoms (70%), and infec-
tion often goes unrecognised; 30% show fever or dark urine, with or without




Chapter 1

jaundice (18). Adults generally have symptoms (over 90% of infections), and over
75% of infections in adults become icteric (19). Less than 1.5% of hospitalised
patients develop fulminant hepatitis, which has a high death rate (70-90%). Case
fatality of all reported HBV-infections is low for ages 15-40 years (< 0.4%) but
2.7% for ages 40 years and older. Since most data are biased towards clinical
signs, the morbidity data might be an overestimation. Chronic sequelae do not
occur with HAV, but complete recovery may take several months, especially
among adults.

HAV hospital admissions and mortality

RIVM analysis of data from hospital records 1993-1997 estimated an annual
average of 130 hospital admissions (20). In the last six years, 1996-2001, the
national death registry recorded 0 - 3 deaths annually caused by acute HAV, with
an average of 1.3 (16).

Descriptive epidemiology of viral hepatitis B and A

Introduction

Reporting cases of HBV and HAV infection is obligatory in most countries of the
western world, and both are among the most frequently reported communicable
diseases. For both, the true number of new infections is not reflected by reported
cases, as most infections go unnoticed, and reporting of symptomatic cases is
often forgotten. Other means of surveillance is needed to get a clear picture on
the epidemiology of both diseases. The Netherlands is an area of low endemicity
for both infections, as are the Scandinavian countries, while endemicity is inter-
mediate in southern countries of Europe. High endemicity is found in the devel-
oping world.

Acute HBYV infections

In the Netherlands since 1951, acute HBV is an MHS-notifiable disease, reported
as “serum hepatitis”. Distinction in serum hepatitis and infectious hepatitis was
made on epidemiological criteria. In the late sixties the laboratory test for Austra-
lia antigen became available (later acknowledged to be HBV surface antigen,
HBsAQ).

Since April 1999, chronic hepatitis must be reported as well. The RIVM found,
that pre-1999 data were confounded by erroneous reporting. Over the years
1995-98, 12% of the reported cases of acute HBV infections concerned chroni-
cally infected patients; in another 33%, the true state, acute or chronic, was un-
known.
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Figure 2HBV

Annual HBYV notifications to the MHS in the Netherlands, 1951-1998 (truncated in
1999 as, since then, chronic and acute were both notifiable).
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Figure 3 Seasonal variation of viral hepatitis B and A in The Netherlands

Figure 3HBV

Seasonal patterns HBV, based on number of MHS reports per week (#meldin-
gen/week) to the Health Inspectorate for the years 2000-2003
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Across the Netherlands, between 1993 and 1998, the reported incidence of MHS
notifications for HBV varied from 1.4 to 1.8/100.000 inhabitants (21), but a gen-
eral practitioners’ sentinel system suggests that the actual HBV incidence was
two to six times higher, ranging from 3.2 — 6.1/100.000 (22). In the last decade,
the annual number of notifications declined to, at present, under 200. In Amster-
dam, the notifications similarly decreased in the last decade, from their highest
levels in 1986 and 1993 (8.4/100.000) to their lowest years in recent years 1997-
2002 (2.2-3.7/100.000). The groups with behavioural risk of acquiring HBV, drug
users and MSM, contribute most to the decline in Amsterdam. No specific cycles
were seen (Figure 2), and a seasonal pattern was not detectable (Figure 3).

Serological surveys

The RIVM analysed 7395 sera collected in 1996 from a sample of the population
ages 17-79 years. Serological markers of HBV infection were found in 2.1%, and
markers of chronic infection were found in 0.2%; both increased with age (23;
24). There was no information on specific HBV-risk behaviour. In 1991, the first
evaluation of nationwide antenatal screening showed a prevalence of 0.44%
chronically infected pregnant women (25). Amsterdam analysed sera of its ante-
natal screening in the same period and found 1.2% chronically HBV infected
women (26). More recently, in 2000-2001, national antenatal screening data
showed 0.37% carriers (27). Seroprevalence in non-participating women was
higher, compared to participating women (28; 29).

MATHEMATICAL MODELLING

The RIVM developed a dynamic mathematical HBV transmission model, with
exclusion of injecting drug users (IDU) and transmission to non-users who are
their sex partners (30). The annual average number of new infections was calcu-
lated at 2.250, leading to 220 new chronic carriers every year (31).

HBYV epidemic profile

Epidemics in the general Dutch population are unusual, but outbreaks frequently
occur, most often related to breaches in infection control in healthcare settings. In
the last decade, outbreaks occurred related to in vitro fertilisation (32), to endo-
cardial biopsies (33), and to a chronically HBV infected surgeon (34). Further
small clusters have been related to transmission incidents in schools, beauty
parlour, tattoo shop (35). Epidemics among IDUs are described as early as the
1970s (36). The Utrecht MHS was confronted in 1983 with an outbreak in tinkers
travellers, a non-immigrant group that traditionally lives in mobile homes (37).
Among the 252 tinker travellers, 30 HBV carriers were found (12%). Ensuing

10
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study ruled out an epidemic but indicated public health confrontation with a high
HBV-endemic sub-population that had been living unnoticed in the low-endemic
Netherlands. Nation-wide research later, showed that HBV is not a problem for

tinkers overall but only in certain large tinker families (38).

Figure 4HBV

Annual notifications to the MHS of acute symptomatic HBV in Amsterdam, 1986-

2002

—+— Unknown
—@— MSM
—¥— Heterosexual
A
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Y —l— Health care
K —&— Drug user

N
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1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

source: annual reports Dept. Infectious Diseases, MHS Amsterdam

HBYV specific risk groups

Household or sexual contacts of infectious individuals (especially chronic carri-
ers) and children of carrier mothers are at increased risk for acquiring HBV infec-
tion. Family members of adoptees with chronic infection are at similar risk. The
data of a RIVM co-ordinated national two-year enhanced surveillance project are
not yet analysed as to the source person. However, in Amsterdam, since 1986,
only in 2.3% of notifications a source is found within the household (Figure 4).
Seeking healthcare as a patient can also pose a risk for HBV, as was seen in the
past for frequent recipients of blood or blood products (haemophiliacs) or for
those involved in regular percutaneous procedures (hemodialysis). In the Nether-
lands, such persons are no longer seen in the notification registry, due to reduc-
tion of these risks.

11
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In the national registry of reported HBV cases, 25% are transmitted heterosexu-
ally and 30% homosexually (39). In the last twenty years, the MHS Amsterdam
registered similar data: 23% heterosexual and 35% homosexual (40; 41). In the
early 1980s, injecting drug use was an important risk factor for HBV. Seropreva-
lence studies among IDUs in various parts of the country have indeed shown an
increased prevalence of serological markers of previous infection: Rotterdam
61%, Heerlen/Maastricht 67%, The Hague 35%. (42). In Amsterdam, a 1990s
seroprevalence study showed markers in 67% of IDUs (43). However, while
jaundiced IDUs continue to be referred to the MHS, HBV was confirmed only
once in years 1997-2002 (40; 41). Previously, over 12% of its HBV cases were
IDU. The national registry of notified cases likewise saw a decline in annual
number of drug users since the mid-1990s, from an annual 10% of cases to
presently less than 1% (39).

As IDUs frequently are incarcerated, prisoners are regarded as high-risk groups
for acquiring HBV, but in Dutch prisons, no transmission has been recorded.
Another group not seen in the registry, despite increased risk, are those living in
an institute for mentally disabled (44), including staff. Their risk reflects the type
and frequency of intimate contacts and also the number of carriers, since espe-
cially individuals with Down syndrome are predisposed for carriership if infected.

HBYV occupational risks

Cases reported to the MHS should mention the patients occupation but these
data are not transferred to the national registry. There is an obligatory reporting
of occupationally acquired diseases to the Ministry of Social Affairs, but the regis-
try is far from complete. Occupational health services voluntarily report occupa-
tional diseases to the Dutch Centre for Occupational Diseases (NCVB). From
April 1997 to September 2003, 16 cases of occupationally acquired HBV were
reported (45), of whom 12 were in healthcare. In the MHS Amsterdam, 2.3% of
reported HBV were related to healthcare, either as a patient or staff. In police-
men, fire fighters, and other public safety workers, no increase of prevalence of
serological markers has been found (46). In an annual average 150 needle stick
or other percutaneous accidents reported to the MHS Amsterdam, blood-borne
pathogens might have been transmitted, but in 1886 such accidents over ten
years, HBV was never transmitted (47). The same goes for workers in sewage or
refuse disposal: high risk but few cases. As indicated above, no clusters or single
infections were reported in prisons. Seroprevalence among prison staff did not
differ from among the general population (4,8% and 3.3% versus 6,9%). (48)
(49).
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HBYV and travellers

Of reported HBV cases, 16% is acquired outside The Netherlands by travellers
visiting areas of intermediate and high endemicity. Half of these infections are
acquired through sexual exposure (39). Especially male, long term travellers are
at risk, either through sexual exposure or working in health care (50).

HBV of unknown source

During a two year enhanced surveillance project co-ordinated by the RIVM, that
focused on tracing the source for all MHS reported patients nationwide, a prob-
able source could not be identified in 20% of cases (39). In Amsterdam, over the
last decade, this percentage is likewise 20 (41). (Figure 4).

HAYV notifications

Since 1951, cases of HAV are notifiable, being reported as “infectious hepatitis”.
Since the last epidemic occurred in 1960, nationwide incidence has decreased to
an average of annually 900 patients. In the last four years, MHS notifications
were 700 or less, equalling an incidence of 2.7-4.4/100.000. The Amsterdam
notifications likewise show a decrease after 1998, being 20-29/100.000 before
and 7-14/100.000 after that year.

The notifications show no cyclic pattern (Figure 2HAV), but a seasonal pattern is
pronounced, representing children with parental origin in HAV-endemic areas
who return from summer holidays in the country of origin. They bring HAV infec-
tion, sometimes followed by a second and third seasonal incidence peak, caused
by secondary and tertiary cases (51; 52).
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Figure 2HAV
Annual HAV notifications to the MHS in the Netherlands, 1951-2002.
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Figure 3 Seasonal variation of viral hepatitis B and A in The Netherlands

Figure 3HAV
Seasonal patterns, HAV based on number of MHS reports per week (#meldin-
gen/week) to the Health Inspectorate for the years 2000-2003
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There is considerable underreporting (53). The Amsterdam Sentinel Project in
1979, estimated that physicians report 58% of acute symptomatic HAV (54). For
the years 1994/95, the National General Practitioners’ Sentinel project
(CMR/NIVEL) analyzed that less than 45% of cases were reported to the MHS.
But, unexpectedly, in the years 1996/97, the incidence of national notifications
was higher compared to sentinel estimates (22). With capture-recapture analysis,
the RIVM estimated that in the late 1990s only 27% of notifiable HAV cases are
reported (20).

Serological surveys

As everywhere in the world, HAV seroprevalence increases with age (55). Sera
of 7367 Dutch residents, a representative sample of the population, showed a
seroprevalence below 10% for persons born after 1960, and 77% for persons
born before 1945 (56).

HAYV epidemic profile

Seasonal increases can, in certain years, lead to protracted transmission lasting
several months. With increasing numbers of susceptibles, multiple introductions
can lead to overlapping outbreaks and community wide upsurges (57). For un-
known reasons, 1998 was such a year.

Figure 4HAV

Annual notifications to the MHS of acute symptomatic HAV in Amsterdam, 1991-
2002. Source: annual reports Dept. Infectious Diseases, MHS Amsterdam

—@— Unknown

'/\ P
W \\ —H—MsM
AN // L
% o

—&@—Druguse

15



Chapter 1

HAYV specific risk groups

Most patients are infected through household contacts with a known HAV patient
(24%) (58). In Amsterdam this group consists of 20% of cases (Figure 4). Since
the early 1980s, transmission has been noted among MSM in Amsterdam (59),
and elsewhere (60; 61). In the Amsterdam notification data, MSM contributed
12% of cases until the mid-1990s and 20% since then (Figure 4). The mecha-
nism responsible for this increase might be the change to sexual techniques that
are regarded as “safe” with regard to blood-borne pathogens (HIV, HBV), but
favour pathogens with faecal-oral transmission (HAV, Shigella). New MSM con-
tinue to come to Amsterdam, of whom the majority is susceptible.

Contrary to other low-endemicity areas, drug users (DU) are not an important risk
group for new HAV infections in Amsterdam (62-65). DU cases were reported
annually up to 1995, but since that year, none have been confirmed in this group
(Figure 4HAV).

HAYV occupational risks

Data on occupationally acquired HAV infections are limited. The Netherlands
Centre for Occupational Diseases (NCVB) recorded 5 such cases in more than
six years: 2 employees in primary education, 2 in aviation, and one in sports and
recreation. The Utrecht MHS investigated HAV seroprevalence in 232 primary-
school teachers of Dutch origin and found that, despite 45% of pupils being of
foreign origin, prevalence of antibodies to HAV (antiHAV) in teachers compared
to the general population (29%). However, controlling for the teachers’ age, sex,
travel history, and having children in their house, investigators found that teach-
ing groups with more than 50% children from countries of high endemicity, was
an independent risk factor for antiHAV, with an odds ratio 2.9 (95% confidence
interval 1.2-6.8) (66). Analysis of enhanced surveillance and notification data in
the four largest cities of this country (52) suggests secondary spread, but offer no
information on occupational hazards. Like teachers, healthcare workers are ex-
posed to children but, again, no Dutch data is available, and no seroprevalence
studies have been done. There is a theoretical risk that sewer workers could
inhale aerosols containing HAV (or other pathogens), but international data are
conflicting and unavailable from the Netherlands.

HAV and travellers

In the national registry of reported infectious diseases, 6% of notified HAV cases
in adults relate to travel. In Amsterdam, 26% relate to travel. HAV poses an oc-
cupational risk for people whose work takes them to countries of high endemicity
often and/or for extended periods.
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HAV of unknown source
In the national registry, 8.6% of adults had an unknown source (20). In MHS Am-
sterdam, for both children and adults, no source could be found in 24% of cases.

Control of viral hepatitis B and A in the Netherlands

Both HBV and HAV are vaccine-preventable, but universal vaccination appears
to have unfavourable cost-effectiveness ratios compared to other preventive
interventions in The Netherlands (15; 20). Regarding HBV, a vaccine is on the
market since 1982, plus two decades of discussions and policy making. The
HAV-vaccine is so recently available, that a strategy is not yet on the public
health agenda in the Netherlands, while other European areas (Catalunya,
Spain; the Puglia, Italy) have successfully introduced universal vaccination with a
combined HBV/HAV vaccine.

HBYV hygienic precautions

As a parenterally transmitted pathogen, HBV is especially controlled in health-
care setting, by avoiding contamination of instruments, universal precautions for
invasive procedures (ideally used also in tattoo, piercing, and nail studios),
screening of blood products, tissue and organs and, equally important, educating
healthcare workers and the public. In healthcare, single use of needles goes
without saying, and for IDUs harm reduction programs, including needle ex-
change programs, are in place.

HBYV notification and post-exposure prophylaxis

Even now, in the 21* century, notification remains a cornerstone in HBV control.
For all reported cases, serological markers are evaluated and patients are inter-
viewed by MHS nurses, who try to trace contacts, identify sources, and protect
susceptible contacts through vaccination. Needle sticks and other percutaneous
and permucosal accidents (as well as sexual) are to be reported according to
MHS procedures or, in institutional setting, according to internal procedures.
Immediate evaluation and post exposure prophylaxis is provided if justified (67).
In a recent review of the literature (68), only using hepatitis B immune globulin
(HBIG) was regarded sufficiently effective to continue its use in the Netherlands
(42). Combining HBIG with vaccination is advised only, if high-risk accidents are
likely to recur.
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HBYV vaccination

TARGETED GROUPS

The Dutch HBV vaccination policy has been targeted at groups at high risk for
acquiring the infection. After the Health Council gave its first advise in 1983, only
two of its strategies were implemented in that decade: one for medical risk
groups and one for pregnant women and their babies (69). For this neonatal post
exposure immunization two different approaches were implemented. In both pro-
grams, the obstetrical care provider administers HBIG. Nationally, for newborns
of chronically infected mothers, HBV vaccine is added to the universal childhood
vaccination program (RVP) and vaccine is administered, with the childhood vac-
cinations (diphtheria, tetanus, pertussis, poliomyelitis; DTKP) at months 2, 3, 4
and 11. In Amsterdam, antenatal screening and neonatal vaccination were made
part of the MHS infectious disease control activities. There, newborns of HBV
carrier mothers receive HBV vaccine at months 0, 1 and 6. For other identified
risk groups, no programs were implemented. In 1996 these strategies were to be
evaluated, but data were lacking (17). The Council again repeated its advise of
1983, and noted that the government had not made HBV vaccine available for
behavioural risk groups. As for vaccination of household contacts, the Council
noted that a regulation was in place, making such vaccinations possible, but no
evaluation had been done. Five years later, in 2001, the Council advised against
universal vaccination at that time (31). In 2003, it advised an additional target
group for HBV vaccination: newborn children with origin in countries of interme-
diate or high endemicity (27). The Council’'s advice was implemented at various
speeds and at present, practically all risk groups are addressed in the national
policy (70).

OCCUPATIONAL RISK GROUPS

By European regulation of 1994, employers are obliged to protect with vaccina-
tion employees at increased risk for acquiring HBV. In 1998, the Dutch Minister
of Health pleaded for active implementation of this regulation. It needed a HBV
outbreak in 1998, related to a chronically infected surgeon (34), to make hospital
administrators and government regulators truly aware of the obligation to vacci-
nate. In 1999, the European regulation was integrated into Dutch policy rules
(71). Yet, healthcare workers still seem undervaccinated (72; 73). MHS facilities
try to improve vaccination coverage of such workers in their area, but it remains
the responsibility of each healthcare employer. Many non-healthcare occupa-
tional risk groups fall under the European regulation, but it is unknown if their
employers have implemented protective vaccination for all relevant employees.
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TRAVELLERS

Travellers to areas of intermediate or high endemicity are advised to have HBV
vaccination for travel exceeding 3 months or for travel of shorter travel if addi-
tional risk factors are suspected (occupational, sexual or other). The vaccination
cost is paid for by the travellers, their health insurance, or their employer.

UNIVERSAL

Based on mathematical modelling studies by the RIVM (15), the Health Council
concluded that universal vaccination against HBV does not compare favourably
with other preventive interventions, from the financial point of view. However, the
Council offered additional remarks on some assumptions. A second calculation
included the effect of horizontal transmission within households and brought simi-
lar conclusions. Universal vaccination might reduce the incidence of acute symp-
tomatic HBV, but will not reduce the number of chronic carriers, who weigh heav-
ily on the cost side of the equation.

HAV hygienic precautions

Personal hygiene and sanitation (provision of safe drinking water and proper
sewage disposal) are the mainstay of HAV control. However, the Netherlands
has no educational programmes directed specifically at prevention of HAV. Qual-
ity control for the food industry is being left to the producers, with limited inspec-
tion by the national food authority. A hygienic code was developed by various
branches of industry and the professions, as well as one for hygienic precautions
at home.

HAV notification and post-exposure prophylaxis

The rationale for MHS noatification is to enable rapid response in order to prevent
new cases: find a source, stop transmission (with hygienic precautions), and
protect susceptibles (with immune globulin). The guidelines for post-exposure
prophylaxis (74) are in transition due to new data on the possible rapid protective
efficacy of vaccination and safety questions regarding the use of blood and blood
products as sources of immune globulin (75). At the start of our studies it was
unknown if the present secondary prevention policy is effective and if it prevents
further transmission.

HAYV vaccination
TARGETED GROUPS

Nationally, one risk group (haemophiliacs) gets HAV vaccine reimbursed by for-
mal regulation. No other national HAV vaccination plan is offered, even for pa-
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tients with chronic liver disease (76).

OCCCUPATIONAL RISK GROUPS

Several occupations are linked with increased risk for acquiring HAV and fall
under the European regulation on protection of workers against biological agents.
The list of agents concerned includes HAV (and HBV). In the Netherlands, this
protection is the responsibility of employers, advised by their occupational health
service. They are expected to vaccinate their workers, but their response to this
policy is never evaluated. There is also no specific vaccination policy to cover
workers in day care, primary schools, nursing staff of paediatric wards, or sew-
age workers. A fatal case of fulminant hepatitis in a primary school teacher in
1998 did not push the regulatory bodies to implement the relevant guidelines.

TRAVELLERS

In the private travel industry, vaccination is recommended for all travellers to
areas of intermediate or high HAV endemicity, regardless of the duration of the
stay. This applies also children of parents originating from countries of intermedi-
ate or high endemicity, but with no national policy or regulation, MHS facilities
and Health Insurance companies have implemented local policies. For example,
on vaccination days in early summer, the HAV vaccine is offered for a reduced
price or free of charge. The coverage of these initiatives is not nationally evalu-
ated, but in the Amsterdam evaluation the coverage averaged only 60%.

UNIVERSAL

There is no public or government discussion on HAV prevention, although the
Ministry requested the RIVM to perform a desktop study on the costs and bene-
fits of introducing universal vaccination. The outcome of this preliminary analysis
showed universal vaccination not to be within the cost-effectiveness limits that
are acceptable for preventive interventions (20).

Virological typing

Descriptive epidemiology fails to present a complete picture of HBV/HAV epide-
miology and consequent control strategies. Additional information might be gath-
ered from viral epidemiological data. With modern techniques, isolates of viruses
can be (geno)typed in detail. Strains cluster in groups and sometimes transmis-
sion can be followed up by detailed typing of a single strain. HBV and HAV are
unrelated viruses, that have in common only the tropism for the hepatocyte. Typ-
ing for each virus is classified differently. Combining information on the strain of a
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virus with information on the patient in whose excreta or bodily fluids the virus
was isolated is called molecular epidemiology. At the start of our studies, no mo-
lecular epidemiological data on HBV/HAV were available for the Netherlands.

HBV

The ubiquitous HBV virus is the smallest known DNA virus, a 42 nm sphere, with
a genome of 3200 base pairs, in a partially double stranded DNA (77). It has
features in common with retroviruses, to which it may be related (78). It is an
efficient virus, since the genome encodes overlapping open reading frames, al-
lowing 63% of its genome to be translated in more than one reading frame. Even
a one-point mutation in the gene may affect both structure and function of the
virus, reducing infectiousness or viability. As a result, the virus is rather stable.
There are four open reading frames: preS/S (surface), X and P (polymerase),
and preC/C (core) gene. The S open reading frame encodes three proteins that
are large, medium-sized, and small, comprising the surface antigen (HBSAQ).
Replication occurs through production of an RNA copy, which is then converted
back to DNA by use of its own reverse transcriptase (DNA polymerase). The
polymerase serves also as a reverse-transcriptase, since replication requires
RNA intermediates. HBV core antigen is the nucleocapsid that encloses the viral
DNA. When HBcAg-derived peptides are expressed on the surface of hepato-
cytes, they induce a cellular immune response that leads to its killing (79). HBV
“e” antigen (HBe), a cleavage from the core gene and then modified and ex-
ported from liver cells, serves as a marker of active replication.

The serologic heterogeneity of the HBsAg was documented in the 1970s (80; 81)
by finding one common antigenic determinant (a) and two pairs of mutually ex-
clusive determinants, d/y and w/r. It is now generally accepted that there are, in
further detail, at least nine different HBV serotypes (called subtypes), which
makes the subdivision rather complicated: ayw1, ayw2, ayw3, ayw4, ayr, adw2,
adw4, adrq®, adrg’. (82). Starting with the complete HBV-DNA (83; 84), sequenc-
ing of the complete S gene (85) and later limited sequencing within the S gene
(86), showed that the S gene can be typed in seven genomic groups or geno-
types, designated A — H. The cited genetic virological studies have generally
analyzed strains originating from individuals with chronic HBV infection (85; 87-
91), thus reflecting the epidemiological situation of vertical transmission in the
areas in which they dominate. The typing is further refined by splitting certain
genotypes in subgroups (92), or clades (86). There is, to a certain extent, accor-
dance between genetic and serological classifications (90; 93), but as more se-
quence data come available, further divergence is anticipated. The geographical
distribution of serotypes and genotypes is indicated in Figure 1HBV.
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The genotype F (corresponding with serotype adw4) shows the most intratypical
variety (94), which suggests that genotype F may be the origin of all HBV vi-
ruses.

Experience with viral genotyping for public health purposes shows that sequenc-
ing can link cases in an outbreak setting (33; 95-98) and assist in tracing their
origins, as in an HBV outbreak among drug users in Scandinavia (99). Also,
genotyping relates certain genotypes to certain risk groups (100).

HAV

The ubiquitous HAV virus is an extremely small non-enveloped (naked) 27-32 nm
RNA virus of symmetrical icosahedral structure; it is morphologically indistin-
guishable from other Picornaviridae, to which family it belongs. The virus has a
single-stranded RNA, of 7478 nucleotides, that expresses three proteins (VP1,
VP2, VP3) but no envelope protein. Its genetic difference from other Picornaviri-
dae, and its being the only to cause hepatitis, are reason to establish its own
genus, Hepatovirus.

There is only one known serotype, but, based on sequence variability, seven
genotypes exist, | — VII, that differ 15-25% in a small region spanning VP1/2A
(101). Genotypes |, 11, Il and VIl infect humans, whereas IV, V, VI are found in
primates that are kept in captivity (102). There seems to be a geographical distri-
bution of genotypes, but it should be interpreted with caution; genotyping is per-
formed on a small part of the gene, and studies to date are on small and often
selected populations (103). The apparent geographical distribution of genotypes
is described in Figure 1HAV.

There can be much value in HAV genotyping for public health, as seen when
sequencing linked two separate outbreaks later confirmed to be caused by one
source of contaminated strawberries (104). Molecular data have added value in
many an outbreak investigation, either in confirming suspected strain relations
(65; 105-108), or conversely, in ascertaining retrospectively that several strains
were involved in seemingly uniform outbreaks (110-112). As with HBV, genotyp-
ing of HAV helped relate an outbreak to drug users in Scandinavia (64).

Aims of the studies in this thesis

HBV

In the Netherlands, a targeted approach is the choice to control HBV. The first
and most important target group is new born children of HBV carrier mothers for
which two different approaches exist. Always, HBV immune globulin is given
immediately at birth by the obstetrical care provider. In the national program, an
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adult dose of HBV vaccine was given to neonates of carrier mothers, at the regu-
lar visits for the universal childhood vaccination program, in addition to diphthe-
ria, poliomyelitis, pertussis and tetanus vaccination, at month 2, 3, 4 and 11, until
March 2003, when it changed to a child’s dose.

In Amsterdam, the adult dose HBV vaccine is administered by public health
nurses of the MHS of the Department of Infectious Diseases. Dosing schedule is
month 0, 1 and 6. The first dose is given in the first week of life. If the mother is
HBe antigen positive, the first dose is administered within 48 hours after birth. It
is unknown how effective these two different programs are, since neither has
been evaluated since the early 1990s. CHAPTER 2 describes our evaluation of
the Amsterdam approach to see if the program is effective and how it compares
to similar programs elsewhere in the world.

Another high-risk group for acquiring HBV is household contacts of carrier indi-
viduals. In Amsterdam, such contacts of chronically infected women that are
identified through antenatal screening, are targeted through the neonatal vacci-
nation program. This relatively new aspect of the Amsterdam approach has not
yet been evaluated. Meanwhile, tracing contacts is not only relevant for carrier
women, but should be performed for all chronically infected individuals. By law,
all carrier individuals in the Netherlands have to be reported to the local MHSs
since April 1999. Data of the integrated household tracing program are useful for
all MHS facilities in the Netherlands. CHAPTER 3 describes our evaluation of this
program of coverage and the compliance of susceptibles with the vaccination
series.

In addition to these targeted groups, those at high-risk because of sexual behav-
iour or drug use should be vaccinated, according to the 1983 advice of the Health
Council, but no specific funding or program has materialised. Since MHS facilities
were regarded as the most appropriate coordinators for such a program, our pilot
program was instituted of recruiting these risk groups with MHS outreach. We
coordinated the pilot of seven MHS facilities, including Amsterdam, and
CHAPTER 4 evaluated how the various risk groups were covered at this sites.

It remained uncertain whether all the targeted strategies combined would actually
suffice to stop, or substantially reduce, HBV transmission or otherwise affect the
HBV epidemiology among persons in the Netherlands outside the targeted high-
risk groups. Since data on patients failed to give a detailed picture of the HBV
epidemiology, we investigated the molecular epidemiology for Amsterdam in the
period 1992-1997. CHAPTER 5 presents findings that add essential information
on the true transmission routes in this area and might have relevance for other
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areas in the country, since transmission routes follow similar patterns in similar
risk groups.

HAV

It is unknown if the present HAV prevention policy of MHS notification, followed
by rapid post-exposure prophylaxis, has sufficient impact. We know that there is
considerable underreporting of HAV with asymptomatic and undiagnosed infec-
tions. This factor combined with incomplete coverage of HAV traveller vaccina-
tion, in particular the children visiting their country of origin, raises doubts about
current HAV control strategy. Descriptive epidemiologal data showed a decrease
of notifications since 1998, but how and how often the virus is still introduced and
if it is further transmitted after importation is unknown and needs clarification.
CHAPTER 6 addresses the policy of reporting to the MHS, by evaluating control
and outcome in contacts of reported cases.

The large number of new cases with unknown probable source might suggest
continuous low level transmission. However, it might also be explained by multi-
ple asymptomatic undetected introductions that would be reduced with en-
hancement of the vaccination strategy. In fact, it was completely unknown if local
transmission occurs, and equally unknown if the existing incidental cases with
unknown source are possibly food-borne or can be related to secondary or terti-
ary (silent) transmission originating from import cases. The answers on these
guestions are essential for deciding on the optimal prevention strategy.
CHAPTER 7 describes how molecular technique was introduced and imple-
mented.

The HAV vaccination coverage among Dutch travellers is unknown, as is its cov-
erage among children visiting their country of origin. The MHS-notified cases are
a minority of infections, and many notified cases can not be traced to a probable
source. Occasional outbreaks in the general public are reputed to be related to
import cases, but never confirmed; occasional outbreaks among MSM, are like-
wise linked to import cases without confirmation. Such outbreaks might equally
be endemic in a small subgroup of the population. CHAPTER 8 presents the
results of two years of specimen and data collection and, in combining these
data, we are able to give new information on HAV epidemiology.
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Conclusion

Both illnesses HBV and HAV cause significant morbidity, even in this country of
low endemicity. They lead to a few hundred hospital admissions and approxi-
mately 60 deaths annually, causing direct and indirect costs associated with hos-
pital expenses and days lost from work by adults who are ill or must care for a
sick child. For both illnesses, universal vaccination seems not justifiable on eco-
nomic grounds, but the disease burden may well be larger than currently be-
lieved. The source can not be found in 1 out of every 5 reported cases, leading to
uncertainty on the predominant transmission routes and the adequacy of prevail-
ing control strategy. The studies presented in this thesis, seek to contribute to
better understanding of HBV/HAV epidemiology and the consequent control
strategies.
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Hepatitis A virus is non-enveloped of symmetrical icosahedral structure

The striking building of the Aviation Museum (Aviodome) at Schiphol, stemming
from 1971, will be demolished. The characteristic dome has been many years the
largest aluminium dome in the world. The building was designed by the architect
Richard Buckminster Fuller, with a geodesic dome. This structure is comprised of a
complex network of triangles that form a roughly spherical surface. The more com-
plex the network of triangles, the more closely the dome approximates the shape of a
true sphere. By using triangles of various sizes, a sphere can be symmetrically divided
by thirty-one great circles. A great circle isthe largest circle that can be drawn around
a sphere, like the lines of latitude around the earth, or the equator. Each of these lines
divide the sphere into two halves, hence the term geodesic, which is from the Latin
meaning "earth dividing". The dome is a structure with the highest ratio of enclosed
area to external surface area, and in which al structural members are equal contribu-
tors to the whole. There are many sizes of triangles in a geodesic, depending on the
frequency of subdivision of the underlying spherical polyhedron.
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Abstract

Aims- To evaluate the enhanced antenatal hepatitis B screening and neonatal immuniza-
tion program in Amsterdam.

Method- Retrospective analysis of routinely collected data on serological screening of
expectant mothers for hepatitis B surface antigen (HBsAg), on timing of administration of
immune globulin and vaccinations to the neonate, and on postvaccination serological
evaluation of the antibodies to hepatitis B surface antigen (antiHBs) in the new born chil-
dren.

Results- In the period 1993-98 there were 691 HBsSAg positive expectant mothers re-
ported. The coverage of the screening was calculated at 97%. HBsAg-prevalence was
high in women from Ghana and South-East Asia, and lowest in Dutch women. Hepatitis B
immune globulin (HBIg) was administered within 24 hours to 95,9% of the neonates;
99,7% completed the vaccination series. About 6 weeks after the third vaccination the titer
antiHBs was > 100 IU/L in 85% of children; in 12% the titers were 10-100 IU/L; 3% had
titers < 10 IU/L, of whom 3/521 initally had HBsAg. Low birth weight (OR 3.77), being a
boy (OR 1.64) and country of origin were predictors of low postvaccination titers.

Conclusions- Coordinated by 0,5 full time equivalent (fte) additional staff, the program
was relatively cheap and successful.
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Introduction

Since November 1989, all pregnant women in the Netherlands are screened for
hepatitis B surface antigen (HBsAQ) at their first visit to the obstetrician, midwife
or general practitioner [1]. The obstetrical care provider administers hepatitis B
immune globulin (HBIg) immediately after birth, to neonates of HBsAg-positive
mothers. The HBvaccine is administered in the Child Health Clinic at the time of
the usual childhood vaccinations, usually at month 3, 4,5 (month 2,3,4 since
1999) and 11.

In the city of Amsterdam with 720.000 inhabitants and approximately 10.000
annual births, we designed and implemented in 1989 a centralised and enhanced
screening and immunisation program. All HBsAg-positive laboratory results of
antenatal screening are reported to the Municipal Health Service (MHS). The
MHS organises confirmatory tests, supervises the provision of HBIg, and organ-
ises hepatitis B vaccination of children. The Amsterdam vaccination schedule is
at month 0, 1 and 6, with a postvaccination screening at month 7. Here we pre-
sent the results of the Amsterdam screening program, the differences in preva-
lence according to country of origin, and the factors related to low postvaccina-
tion titres.

Methods

Screening procedures

At their first antenatal care visit, scheduled in week 14 of gestation, all pregnant
women in Amsterdam are tested, with informed consent, for hepatitis B surface
antigen (HBsAQ). The Public Health Laboratory (PHL) receives most of blood
samples, a minority is sent to other laboratories in town. The laboratories report
HBsAg positive results to the MHS. In a letter, the MHS invites the expectant
mother for confirmatory testing for HBsAg (Abbott Auszyme 1993-1996, Abbott
Laboratories, North Chicago, Il.,USA; Abbott AxXSYM MEIA 1997-98, Abbott Di-
agnostics, Wiesbaden, Germany). If the result is HBsAg-positive the complete
serological status is determined: antibody to core antigen (antiHBc), e antigen,
antibody to e antigen (HBeAg and antiHBe) using Abbott tests, EIA 1993-94, IMx
1995-96, AXSYM MEIA 1997-1998. Mothers are regarded HBsAg positive if
HBsAg has been confirmed by the PHL in the second sample.

In a visit with a public health nurse (PHN) at the MHS, the expected date of de-
livery is registered in the computerised file, and the PHN arranges for a supply of
HBIg to be available at the expected place and date of delivery.
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Intervention

As soon as possible after the delivery (always within 48 hours), the midwife or
physician administers HBIg to the new-born and informs the MHS about the date
and time of HBIg administration. Within a week, the PHN verifies that HBIg was
given and arranges for the first dose of hepatitis B vaccine (HBV-I, Engerix™-B,
SmithKline Beecham Biologicals, Rixensart, Belgium) to be administered at
home or in the hospital. For the second dose (month 1, HBV-II) and third dose
(month 6, HBV-III), the mother and baby visit the MHS.

Serological postvaccination evaluation

Six weeks after the third vaccination, blood is taken for testing of the antiHBs
response by the PHL. If the antiHBs titre is over 100 IU/L, the child is discharged
from follow-up. Children with initial antiHBs titre of 50-100 IU/L receive one re-
vaccination without retesting of antiHBs; those with initial antiHBs titre of 10-50
IU/L receive two revaccinations with retesting of anti-HBs. In children with an-
tiHBs titer of<10 IU/L, the complete serological status is determined. If the child is
HBsAg positive, it is tested annually and, if justified, referred for further care and
antiviral treatment. For the co-ordination of the program, the case-management
and tracking a 0,5 full time equivalent PHN is appointed to the program. Home
visits and consultations are done by regular communicable disease control staff
(PHNSs) at MHS.

Statistical methods

The number of pregnancies at 14 weeks gestation is higher than the number of
live and still births. To calculate the number of pregnancies in Amsterdam we use
the percentage of pregnancy loss of the HBsAg positive women in our register:
691 pregnancies leading to 656 births, i.e. a loss of 5%. To calculate the cover-
age of the screening by both the PHL and other laboratories, we assumed equal
HBsAg prevalence in both populations screened. The number of live and still
births is obtained from the Municipal birth registry. Country of origin is determined
by the origin of either parent: if one of the parents is of non-Dutch birth or non-
Dutch nationality, the child is regarded as belonging to that parent’s country of
origin. For the calculation of HBsAg prevalence by country of origin we used live
births as denominators.

In Amsterdam, the MHS data are entered in a local database and for this study
we transcribed the relevant data to a DbaselV file. To evaluate trends or differ-
ences in prevalence, we used a Poisson distribution [2]. In calculating the risk
factors for low post-vaccination titres, we included all univariate statistically signi-
ficant variables in a multivariate analysis, using a stepwise backward procedure
[3]. We tested for interactions among variables included in the multivariate model
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and examined the confounding effect of other variables. Logistic regression was
used to obtain univariate and multivariate odds ratio’s (ORs) and 95 percent con-
fidence intervals (Cls) were used to quantify variation in estimates.

In general, confounding was considered to occur when inclusion of a variable (or
combination of variables) in the multivariate model resulted in a change of more
than 15 percent in the ORs of the factors that were already present in the model.
A p-value of less than 0.05 was considered statistically significant.

Results

Screening

From 1993 to 1998 in Amsterdam, 57.889 births were recorded, including 56.756
live and 1.133 still births. In this period 51.457 sera (86%) were initially screened
by the Public Health Laboratory (PHL). The calculated number of pregnancies
was 59.784. The coverage of the antenatal screening program was 97%. We
found 691 HBsAg-positive samples, of which 612 were reported by the PHL. The
prevalence of HBsAg by country of origin ranges from 0% in women from the
Netherlands Antilles to 8,9% in women from Ghana. Women from Southeast Asia
had a HBsAg-prevalence of 7,6%; Turkish women 3,6%; women from the two
largest non-European groups in Amsterdam (Morocco and Surinam) had 1,5%
and 1,7% respectively. Native Dutch women, had 0,07%, of whom 11/19 had a
known risk factor. Of HBsAg positive sera 61/688 were positive for the hepatitis B
e antigen (HBe/HBsAg-ratio 8,9%); this ratio was highest in women from South
East Asia (26%). In 15/688 HBeAg and antibodies to the e antigen (antiHBe)
were negative.

Passive immunisation

Of 691 HBsAg-positive pregnant mothers, 9 delivered twins and 44 did not de-
liver a live child, resulting in 656 newborns who were eligible for HBIg. Of these,
629 (95,9%) received HBIg within 24 hours, 16 (2,4%) received it between 24
and 48 hours, and 8 (1,2%) received it more than 48 hours after delivery but
within the first week. Three newborns (0,5%) did not receive HBIg but received
HBV-I in the first week.
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Table 1
HBsAg prevalence in 56.756 sera of mothers giving life birth by country of ori-
gin”, 1993-98

Ethnic origin Number live births® | Number HBsAg+| % HBsAg+2’
The Netherlands 25819 19 0,07
Moroc 7337 113 1,54
Surinam 6522 111 1,70
Turkey 4411 157 3,56
Ghana 1473 131 8,89
NI Antilles/Aruba 991 0 0,00
SE Asia 925 70 7,57
Other 9278 90 0,97
Total 56756 691 1,22

1) As determined by nationality or country of birth of mother or father or child consider-
ing any non-Dutch as dominant

2) Prevalence in all groups differs statistically significant (p< 0,01) from the remaining
groups.

3) Excluding stillbirth in the denominator, leading to overestimation of the HBsAg preva-
lence.

Active immunisation

Four newborns were not eligible for HBV-I because one died, two were trans-
ferred to the national program when they moved outside Amsterdam, and one
was not yet scheduled at the time of this analysis. Of the remaining 652 children,
475 received HBV-I in the first week of life (73%), 136 in week two (21%), and 41
after week two (6%).

For the second vaccination (HBV-II), eight children were not eligible because one
died, one was transferred to the national program, and six were not yet sched-
uled. Of the remaining 644 children 508 received HBV-II in four to six weeks after
HBV-1 (79%), 108 children six to ten weeks after HBV-1 (17%), and in 28 cases
more than 10 weeks after HBV-I (4%).

For the third dose (HBV-III), 50 children were not eligible because two died, six
were transferred to the national program, and 42 were not yet scheduled. Of the
remaining 594 children, HBV-IIl was given on time, i.e. within 7 months after
HBV-II, to 540 (91%), and late to 52 children (9%). Two children were lost to
follow-up.
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Postvaccination screening

At the time of this analysis, 521 children of the 547 eligible to be tested had
come for the determination of a post-vaccination titre (95%). Of the 521 children
440 (85,5%) were high responders to the vaccine, with an antiHBs titre > 100
IU/L, 64 (12,2%) were low responders, with a titre 10-100 IU/L, and 17 (3,3%)
were non-responders to the vaccine, with a titre <10 IU/L. Three non-responders
were HBsAg positive. Of these, one lost HBsAg spontaneously after two years,
one seroconverted to antiHBs in his fifth year of life. One of the three mothers
was HBeAg-positive.

Revaccinations

Excluding the three HBsAg positive children, revaccination was performed ac-
cording schedule for all 78 neonates with titres <100 IU/L. Of these, 31 with an-
tiHBs titres 50-100 IU/L received a fourth vaccination (HBV-IV) without reanalysis
of an antiHBs titre; 33 with antiHBs titres 10-50 IU/L received the fourth and fifth
vaccination (HBV-IV and HBV-V); and 14, with antiHBs titre 1-10 IU/L, received
three revaccinations. Of the 47 children in the last two groups, 36 came for re-
analysis of antiHBs and 28 (78%) had a titre > 100 IU/L, 5 (14%) had a titre 10-
100 IU/L and 3 (8%) remained <10 IU/L.

Risk factors for low anti HBs-titre (Table 2)

Univariate analysis could not identify any risk factor associated specifically with
antiHBs titres <10 IU/L. However a response <100 IU/L (n=82) was more often
found in boys, small babies (birth weight <2500 gr.), neonates born early (<38
weeks of gestation), in case of late administration or failure to give HBIg, and in
children of certain countries of origin. Multivariate analysis showed that low birth
weight, male gender and the country of origin variable were independently asso-
ciated with post-vaccination titres below 100 IU/L. It showed, that children of
mothers of Surinam and Ghanaian origin had a substantially decreased risk for
low titres (OR 0,27 and 0,28 res.). We also examined potential confounders,
including HBe status of the mother and various schedules of immunisations. ORs
appeared to be stable after adding these factors to the model. Furthermore all
possible interaction variables between factors that we included in the multivariate
model were not statistically significant.

Selecting the three groups with high-risk for low titers, includes 98% of low titers.
For this selection, i.e. male gender, low birth weight and not being of Surinam or
Ghanaian origin, 84% of neonates have to be screened. Limiting the selection to
male gender and low birth weight includes 67% of low titres and needs 53% of all
neonates to be screened.
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Table 2

Riskanalysis for low titers (antiHBs<100 IU/L) in a univariate (Odd’s Ratio, OR)
and multivariate analysis (Adjusted Odd’s Ratio, AOR) using a set of data of 521
postvaccination sera.

Number" | OR 95% ClI AOR | 95% ClI
Gender Girls 257 Ref Ref
Boys 261 1,66 1,03-2,70 |1.65 |1.00-2.73
Birthweight > 2500 463 Ref Ref
<2500 31 2.30 1.02-5.19 |3.77 |1.54-9.20
Duration preg | 38-42 weeks 380 Ref
<38 weeks 49 2.18 1.09-4.37 |Ns
> 42 weeks 40 1.75 0.79-3.89
HBe mother | Neg 463 Ref
Pos 47 1.74 0.85-3.59 |Ns
HBIg On time 500 Ref Ns
Not or late 21 2,83 1,11-7.25
HBV-I On time 377 Ref Ns
Late 143 0.60 0.34-1.08
Ethnicity Turkish 127 Ref Ref
Ghanaian 98 0.36 0.16-0.84 |0.30 |0.12-0.72
Moroccan 95 0.76 0.38-1.55 [0.74 |0.36-1.53
Surinam 84 0.31 0.12-0.80 |0.28 |0.11-0.72
South-East Asian 44 1.05 0.45-2.46 [1.06 |0.45-2.52
Other developing 38 2.12 0.95-4.72 |2.11 |0.93-4.79
Industrialized world | 27 0.71 0.22-2.24 |0.67 |0.21-2.16
East-European 8 1.36 0.26-7.15 |1.33 0.25- 7.08

1) not all adding up to a total of 521 due to missing data

Discussion

Coverage

In the industrialised world, antenatal screening and subsequent immunisation of
neonates of HBsAg-positive mothers is an integral part of a comprehensive strat-
egy to eliminate hepatitis B [4,5]. This is particularly the case for Amsterdam,
where the prevalence of HBsAg is higher than in the rest of the Netherlands [6].
The HBsAg prevalence for the various groups in Amsterdam is in accordance
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with prevalence found in the various countries of origin [7-10]. The Amsterdam
program shows better results than the Dutch national program. The coverage of
screening increased from 91% in the period 1989-92 [6], to 97% in the years
1993-98. National figures after 1992 are not available, but from 1989 to 1992,
national screening coverage was 84% [11]. The Amsterdam coverage ranks with
the best reported results of active programs elsewhere [12-16], which range from
92 to 98%. There are two assumptions made in calculating the coverage. We
assumed equal HBsAg prevalence in pregnant women referred to the PHL or to
other laboratories. This appears to be acceptable, since no difference could be
detected between these two populations in distribution of countries of origin or
the HBe-status. We assumed a 5% loss of pregnancies for the total population.
This appears to be acceptable, since this percentage in the general population is
lower [17]. We thus possibly overestimate the total number of pregnancies and
underestimate the actual coverage.

Centralised program

The Amsterdam program is cheap and effective in comparison to other hepatitis
B intervention programs [18]. The workload for the co-ordinator will further de-
crease as the program becomes better known to obstetrical care providers and
the at-risk population. The high coverage, obtained with limited input of additional
staff, make the program a good model for those areas where hepatitis B vaccina-
tion is not included in the universal childhood vaccination program. Its design
may be suitable both for the UK, where local systems need to be implemented to
monitor policy and practice [19], as well as in the USA, for areas with unsatisfac-
tory screening rates or rates of fully vaccinated children [20]. Indeed, centralised
case management and home visits have reportedly played a critical role in im-
proving compliance in the US [21].

Monitoring outcome

The Amsterdam program offers the opportunity to monitor the effect of neonatal
immunisation. This is especially important as the timing of the first vaccination is
sub-optimal. This should preferably be given simultaneously with HBIg. However,
for practical reasons, the obstetrical care providers are asked to administer HBIg
only. In the initial post-vaccination screening, we found 15% sera with antiHBs
<100 IU/L. Children with a titre 10-100 IU/L are regarded as protected against
clinical disease and chronic infection [22,23], but since higher titers are known to
give long lasting protection against infection[24], we revaccinated children with
antiHBs titres <100 IU/L. As was shown in neonates of HBsAg negative mothers
[25], revaccination gave good results: 74% of children with titres <50 IU/L devel-
oped a post-revaccination antiHBs titre >100 IU/L.
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Despite timely appropriate immune prophylaxis, we found, as expected [26], a
few HBsAg positive cases (n=3; 0,6%), of whom two lost HBsAg over the years.
Others incidentally report better results [27]. In the Dutch national program,
where the first vaccination is given only at month 3, recently month 2, the per-
centage HBsAg positive children in the is higher [28]. This seems not related to
the late timing of the first vaccination [29]. We see no argument yet in changing
the procedure. Although antiHBs was not present in the three HBsAg positive
children, the presence of an escape mutant should be considered and paired
sera of mother and child will be further investigated.

The need for post-vaccination serologic testing in fully immunised children can be
guestioned. We were not able to identify a set of criteria for selective post-
immunisation screening to predict titers <10 IU/L or a practical selection for titers
<100 IU/L. It is disputed if low birth weight is predictive of vaccine failure [30]. Our
finding that 29% of the children with a birth weight <2500 gr. have titers <100
IU/L suggests that it is prudent always to test anti-HBs in children with birthweight
<2500 gr.
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Maybe, the origin of hepatitis B lies in a species jump from primate to human. In the
woolly monkey (Lagothrix lagotricha) ahepadnavirus was identiefied, that shows the
closest relation with human genotypes of all primate hapadnaviruses. The woolly
monkey is a primate of the America’s.

Holmes EC, Zanotto PM. The ecology and evolution of human hepatitis viruses. In:
Thompson RCA, ed. Molecular epidemiology of infectious diseases. [Edited]
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Abstract

Background- Hepatitis B control in Europe concentrates on antenatal screening to reduce
vertical transmission. To reduce horizontal transmission and the pool of infectious indi-
viduals, the Municipal Health Service of Amsterdam integrated tracing and immunising of
contacts in the antenatal screening program.

Method- An eight year (1992-1999) descriptive study of this public health program, where
contacts are tested for serological markers of previous infection, and vaccination is offered
to susceptible contacts. Chronically infected contacts are counselled and referred for
treatment if justified.

Results- For 738 newly identified women testing positive for the hepatitis B surface anti-
gen, 1219 contacts were reported; 1100 (90.4%) contacts participated, 476 (43%) had
serological markers of previous infection, of whom 119 (25%) were infectious. Of 603
eligible contacts, 568 (94%) completed the vaccination series. Country of origin was an
independent predictor of contact participation and compliance with completion of the vac-
cination series. Postvaccination titres for antibodies against the surface antigen were
below 10 IU/L in 4.5% of contacts under 30, in 12,2% of those over 30.

Conclusions- Tracing and immunising susceptible contacts of women screened as
HBsAg-positive, should be an integral component of any nations HBV control program.
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Introduction

Prevention of hepatitis B virus (HBV) infection in babies born to chronically in-
fected mothers is a cornerstone in any nation’s strategy to control hepatitis B (1;
2). In the Netherlands, a program of universal antenatal screening for hepatitis B
surface antigen (HBsAg) and neonatal hepatitis B immunisation program was
tested (3) and introduced in 1989 (4). For the city of Amsterdam, with an esti-
mated 735.000 inhabitants, of whom 37% originate from countries with high HBV
endemicity, the Municipal Health Service (MHS) implemented a centralised en-
hanced program to encompass the approximately 10.000 pregnancies per
year(5). In Amsterdam, all HBsAg-positive laboratory results of pregnant women
are registered with the MHS, which provides confirmatory testing, hepatitis B
immune globulin (HBIg), and vaccination for the neonates. The program is suc-
cessful in preventing HBV transmission to babies (6). Of women testing positive
for HBsAg, 97% originate from countries of high endemicity and come to Amster-
dam with partner and/or children with similar background. The HBsAg prevalence
for the various groups of women is in accordance with the prevalence found in
the country of origin (6). Household members of HBsAg-positive individuals are
known to be at increased risk of acquiring HBV infection (7-11), and, phyloge-
netic tree analysis confirms that it occurs not only by vertical transmission but
also through horizontal transmission later in life (12-15). Partners are not only at
increased risk for acquiring HBV infection, but, coming from the same back-
ground, are also at increased risk of being chronically infected (10). Reduction of
the pool of infectious individuals is crucial in managing the population dynamics
of hepatitis B endemicity (16), as the often asymptomatic chronically infected
family members pose a risk for transmission, within and outside the family, to the
children’s school mates (11; 17) or later in life to their sexual partners (18). While
151 of 192 WHO-member states (79%) have adopted routine infant or childhood
hepatitis B vaccination policies by May 2003 (19), the Netherlands has not, rely-
ing on targeted vaccination strategy, with additional efforts to reach individuals at
increased risk of acquiring hepatitis B. The Netherlands has no HBV control strat-
egy among immigrants, except for the small groups of asylum seekers, whose
children are vaccinated against HBV. Starting in 2003, all neonates of immigrant
parents are offered HBV vaccine, but siblings and other household contacts are
excluded. Therefore, the MHS Amsterdam has organised enhanced tracing and
serologic screening of contacts of all reported HBsAg-positive pregnant women,
providing immunisation for susceptible contacts, or, for chronically infected indi-
viduals counselling and referral for antiviral treatment if justified. Here we report
on this innovative program of centralised enhanced contact tracing, integrated in
the antenatal screening program in the years 1992-1999.
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Study population and methods

Antenatal screening procedures

As previously described (6), all pregnant women in Amsterdam are tested, with
informed consent, for hepatitis B surface antigen (HBsAQ), at their first visit to the
midwife or obstetrician (scheduled in week 14 of pregnancy). The name and ad-
dress of HBsAg-positive women are registered with the Municipal Health Service
(MHS), which invites them in a letter to come for retesting, counselling and inter-
vention. At the first MHS visit, blood is drawn and sent to the Public Health Labo-
ratory (PHL) for testing to confirm HBsAg (Abbott AXSYM MEIA, Abbott Diagnos-
tics, Wiesbaden, Germany) and to detect antibody to core antigen (antiHBc), e
antigen (HBeAg) and antibody to e antigen (antiHBe) (Abbott AXSYM MEIA).
Women are regarded as chronically infected if presence of HBsAg has been
confirmed by the PHL in the second sample.

At the second MHS visit, information is given about hepatitis B virus infection and
the immunisation program. Women are assisted in listing their contacts:
(sex)partners, children and other household members. Contacts are then invited
to come to the MHS for screening of antiHBc.

In this analysis of the first eight years of the program, we included pregnant
women, and their contacts, at first reported pregnancy from 1992 up to and in-
cluding December 1999 with follow up data until January 1st 2001.

Participation of contacts

Participating contacts are those of whom serological test results are available.
We assume that all pregnant women have at least one (sex) partner. Partners
living abroad, unknown, anonymous and refusing partners are regarded as non-
participants. Participation of children and other household contacts is calculated
based on the number of contacts listed by the HBsAg-positive women.

Serological tests in contacts

Participating contacts testing negative for antiHBc are regarded as “susceptible”.
Previous hepatitis B vaccination is excluded by interview. In the study period,
universal hepatitis B vaccination was not yet implemented in most HBV endemic
countries. Contacts testing positive for antiHBc are regarded as “previously in-
fected”. For the latter, the serological hepatitis B status is further evaluated with
testing of HBsAg and antiHBs. AntiHBc-positive contacts, who test positive for
antiHBs, are regarded as “immune”; those testing positive for HBsAg are re-
garded as “chronically infected”, infectious individuals or “carriers”.
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Preventive action

-- Susceptible contacts are vaccinated (with Engerix™-B, SmithKline Beecham
Biologicals, Rixensart, Belgium), scheduled at month 0, 1 and 6. All fully vacci-
nated contacts are screened for response of antibodies against the hepatitis B
surface antigen (antiHBs) at month 7. Individuals with antiHBs titers higher than
10 IU/L are regarded as protected (20). Those with titres below that level (low-
responders) receive three revaccinations with retesting of antiHBs.

-- For immune contacts, no further action is undertaken.

-- Chronically infected contacts are counselled and referred to their healthcare
provider for further care and antiviral treatment if justified.

Compliance with vaccination program

Susceptible contacts are considered fully compliant if they complete the three
dose vaccine series with post-vaccination serology. Those with a low post-
vaccination titre (antiHBs <10 IU/L), are fully compliant if they come for three re-
vaccinations with again post-vaccination antiHBs evaluation.

Statistical analysis

Routinely, MHS data are entered in a local database. The relevant data for this
study were transcribed to a SPSS-9.0 file. Chi-square test was used where ap-
propriate, to compare characteristics between groups. Univariate and multivariate
adjusted odds ratios (ORs and AORSs), with 95% confidence intervals (95%CI)
were calculated using SPSS logistic regression for risk factors in five categories
based on participation, susceptibility, chronic infection, compliance in completing
the vaccination series, and low postvaccination serological response. We in-
cluded all available relevant variables in the multivariate analyses. A p-value of
less than 0.05 was considered statistically significant.

Results

Participating women

From October 24, 1991 to December 31, 1999 the antenatal screening identified
738 newly registered HBsAg-positive women, 96% of non-Dutch origin. Most
women had Turkey as country of origin (171, 24%), followed in descending order
by Ghana (17%), Surinam (16%) and Morocco (14%). For most women, the first
screening was also for the first pregnancy (384 para 0). Other women came to
Amsterdam with one or more children (69 para 1; 90 para 2). Five women were
newly registered with the twelfth pregnancy. Of the HBsAg-positive women, 635
had detectable antibodies to e antigen (antiHBe), 86 had e antigen (HBeAg), 5
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tested positive for both; in 12 women the HBe status was not evaluated.

Participating contacts

The 738 women listed 1219 contacts, average 1,7 per index (68 reported no
partner nor child; 375 reported 1 contact; and 153 had 2; max 10, median 2). The
738 women reported 644 (sex)partners: 15 partners were living abroad, 31 were
unknown, and 48 women refused to give the name of the partner. There were
551 children and 24 other household contacts. Serology was performed for 597
(sex)partners (93%), 483 children (88%) and 22 other household contacts (92%),
totalling 1100/1219 participants (90%). Participation was lowest for contacts in
the age cohort 14-19 years (chi-square p=0,02).

Partner participation was highest for women from Turkey, also the largest group
according country of origin (161/171, 94%). Partner participation was lowest for
partners of women from Ghana (62%). Partner participation was lower in recent
years (chi-square p=0,02), but not influenced by parity (p>0,6), HBe-status
(p>0,82), or age (p>0,13) of the mother, although partners of women of 18 years
and younger (n=20) had lower participation (60%, not statistically significant), or
age of the contact. In a multiple logistic regression model, including all the above
variables, only country of origin of the mother was a statistically significant pre-
dictor of partner participation. Compared to the largest group of women, from
Turkey, the odds ratio for partner participation was lowest for Ghana (AOR 0.08;
95% CI 0.03 — 0.18), Surinam (AOR 0.14; 95% CI 0.06 — 0.32) and The Nether-
lands (AOR 0.16; 95% CI 0.05 — 0.55).
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Figure 1
Participation of 1100 of 1219 registered household contacts in age cohorts of 5
years of 738 women testing positive for hepatitis B surface antigen (HBsSAQ).
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Serological markers

Among 1100 participating contacts, 476 (43%) had serological markers of previ-
ous HBV infection, of whom 119 were chronically infected (carrier rate 11%).
Partners more often had markers of previous infection than did children (resp
57% and 28%), and prevalence of previous infection increased with age (Figure
1). The carrier rate was higher among children than partners (resp. 44 and 17
%). Table 1 presents the serological findings of contacts according to the hepati-
tis B e-antigen status (HBeAg-status) of the mother. The prevalence of previous
infection among contacts of women with the e-antigen (HBeAg), is higher in all
age groups compared to contacts of women with antibodies to the e-antigen (an-
tiHBe), with exception of children in the age group 15-19 years (Figure 2). Preva-
lence of previous infection was highest among contacts of women from Ghana
(76/123; 62%), while carrier rate was highest among contacts of women from
South-East Asia (15/46; 33%). In a multiple logistic regression model, including
country of origin and HBeAg status of the mother, age and type of the contact,
the infection rate was almost five times higher for contacts of HBeAg-positive
women, compared to contacts of antiHBe-positive women (AOR 4,7; 95%Cl: 2.9-
7.5).
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Table 1

Serological markers of hepatitis B infection in 1100 household contacts of 738
women testing positive for the hepatitis B surface antigen (HBsAg), at first preg-
nancy reported in Amsterdam, categorised by the serological status of the
women for the hepatitis B e-antigen: testing positive for the e antigen (HBeAg),
or/and antibodies to the e-antigen (antiHBe), or other HBe status.

N Anti-HBc+ HBsAg+ Carrier rate

N % N op | HBsAg/antiHBc

(sex) partners, index HBe+ 69 59| 855 14| 20.3 23.7
(sex)partners, index HBe- 514 272 | 52.9 44 8.6 16.2
Children, mother HBe+ 50 24| 48.0 15| 30.0 62.5
Children, mother HBe- | 422 109 | 25.8 43| 10.2 394
Others 45 12| 26.7 3 6.7 25.0
Total 1100 476 | 43.3| 119| 10.8 25.0
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Table 2

Numbers and rates of contacts traced, serologically screened, susceptible to
HBYV infection (negative for antibodies to the hepatitis B core antigen: antiHBc),
compliant in three dose vaccination with serological evaluation, and revaccinated
if justified, in a sample of 644 partners, 551 children and 24 other household
contacts of 738 women testing positive for HBSAg at first pregnancy reported in
Amsterdam from 1992-1999.

Registered Screened | Susceptibles Completed

contacts series

N (%) N (%) N (%)

Partners 644 595 (84) 258  (43) 223  (86)

Children 551 483 (88) 348 (72) 328 (94)

House- 24 22 (92) 18 (82) 17 (94)
hold

Total 1219 | 1100 (90) '624 (57) 2568  (91)

! Including 21 previously vaccinated contacts.

2 0f 568 fully vaccinated contacts, 528 (93%) came for serological post-vaccination
evaluation (207 partners, 303 children and 16 household contacts); 85% of all susceptible
contacts.
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Figure 2

Percentage of household contacts in age cohorts of 5 years that were found
previously infected in the serological screening (testing positive for antibodies to
the hepatitis B core antigen, antiHBc), also related to the e-antigen status of the
index women in the household: contacts of women with circulating e-antigen
(HBeAg, indicative of high viral load), and contacts of women with antibodies to
the e-antigen (antiHBe).
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Compliance

Of the 624 contacts testing negative for antiHBc, i.e. “susceptibles”, 21 were
already vaccinated. Of the remaining 603 susceptible contacts, 568 (94%) com-
pleted the three dose series, 528 (87%) came for post-vaccination titre of anti-
bodies to the hepatitis B surface antigen (antiHBs); 75 without such serological
evaluation. Of the 34 contacts that were identified postvaccination with an an-
tiHBs titre below 10 IU/L, 17 (50%) came for a revaccination series with retesting
of antiHBs. In total, 92 contacts were not (fully) compliant. In univariate analysis,
type of contact (partner/child), age of contact, country of origin, year of registra-
tion were all statistically associated with compliance. However, in a multivariate
logistic regression, including all above variables, the only predictor of compliance
in completing the vaccination series with serological evaluation, was country of
origin, with contacts of Surinamese women being less compliant than contacts of
Turkish women (AOR 0.3; 95%CI 0.15 — 0.70)
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Post vaccination serology

After a three-dose vaccination schedule, 528 participants were tested for antiHBs
titres; 34 (6,5%) had a low post-vaccination titre (antiHBs <10 IU/L). Children and
young adults under 30, had less frequent low titres (18/397) than adults 30 and
over (16/131; resp. 4,5 and 12,2%, p<0.01). In univariate analysis, age of the
contact was associated with effect of vaccination, with contacts 15-24 years hav-
ing more often antiHBS postvaccination titres above 10 IU/L (100%, n=42), than
contacts of 40 years and older (84%, n=50). In a multivariate logistic regression,
including age of the contact, country of origin, registration year, serological HBe-
status of the index women, none of the variables were significant predictors for
low serologic response; also not the age of the vaccinated contact. A second
serological evaluation was performed after the second series of three vaccines
for 17/34 (50%) contacts with an initial low titre, of whom 2 (12%) still showed a
serological respons below 10 IU/L (1/6 partners and 1/11 children).

Discussion

This study evaluates an innovative hepatitis B control program in Amsterdam,
which integrates the tracing of contacts with an existing program of universal
antenatal screening,introduced in 1989 (4; 5). Tracing household contacts of the
identified HBV carrier women is mandatory in some, especially Scandinavian,
countries, but evaluation data are lacking, or show unsatisfactory results (21).
We find high participation (90%) and high vaccination rates in susceptible con-
tacts (91%) in these multi-cultural contacts at high risk for acquiring hepatitis B.
Our approach can be applied elsewhere.

High-risk groups

In the Netherlands and other areas of low endemicity, universal childhood hepati-
tis B vaccination appears not to be cost effective (22). In addition to universal
antenatal screening hepatitis B control relies in the Netherlands on vaccination
programs targeted at high-risk groups (23) and source and contact tracing
around reported cases of acute hepatitis B. Antenatal screening in Amsterdam
finds the highest carrier rates among inhabitants of foreign origin (6). Families
settled in our country coming from the former Dutch colonies (Surinam and, less
often, Indonesia), from sub-Saharan Africa largely as asylum seekers, or from
northern Africa, following recruitment as cheap labour force in the sixties and
seventies of the twentieth century. Their homelands have high endemicity for
hepatitis B where implementation of antenatal screening and neonatal vaccina-
tion is often in its infancy.
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We find a relatively low number of contact children, because most families are
young. Our data show high HBV infection rates (62% for contacts of women from
Ghana) and high carrier rates (33% for contacts of women from South-East
Asia). As expected, the prevalence of markers of infection (antiHBc) increases
with age, indicative of ongoing intrafamilial horizontal transmission, not only to
children (11; 24; 25), but also to spouses (26). We have no explanation for the
peak prevalence in children aged 15-19 years, especially for contacts of antiHBe-
positive women. Because this specific cohort had the lowest participation rate
(79,5%) and comprises only 58 youngsters, we consider this as an aberration
due to small numbers.

It is the challenge of every public health practitioner to increase participation and
compliance to preventive programs among the groups at highest risk (27), who,
very often, are the most difficult to reach (28). The first eight years of the Amster-
dam program served an easily accessible high-risk population with good partici-
pation (90%). Even with high infection rates, we found that 57% of contacts were
still HBV susceptible, and these had high compliance for immediate protection by
vaccination, as 91% completed the three-dose series. Among the 1100 contacts,
we also found 11% silent chronically infected individuals, who were motivated to
receive hygienic advice and treatment. Treatment of such individuals is not only
in their personal interest, but reduces the pool of infective individuals, which is
crucial to managing the population dynamics of hepatitis B endemicity (29). .
Starting March 2003 hepatitis B vaccination is offered in the Netherlands to new-
born infants of parents originating from countries of intermediate and high en-
demicity. There is, however, no catch-up program for older siblings. Screening
partners and children of HBsAg positive pregnant women remains an essential
component of the hepatitis B control program.

Integrated hepatitis B control

With the first descriptive epidemiological studies in the 1970s, it became known
that hepatitis B clusters within families. Our serological data of household con-
tacts of chronically infected women, confirming a proportion of 43% previous
infections, are in the range of these early studies (7; 30-32) where infection rates
range from 33 to 73%. Since the introduction of a safe and effective vaccine in
the 1980s (33; 34), the public health consequence should have been to screen
these contacts and target susceptible contacts for vaccination (10). Such screen-
ing was specifically recommended in the USA as early as 1985 (35). A recently
published first evaluation, shows that its most compliant study area, was Dallas,
with 61% of contacts screened, and 59% of susceptibles vaccinated (36). Ac-
cording to the authors, Dallas differs favourably from the three other USA study
sites, because of its specific centralised self-contained program, which includes
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home visits. Our program integrates, as in that program, contact tracing with
antenatal screening. Home visits are used by us for neonatal immunisation, but
might raise awareness and motivation in contacts.

Centralised hospital based neonatal immunisation programs show high uptake
(37), but such programs are not equipped to trace contacts. If integrated into
comprehensive HBV control these programs offer an ideal opportunity to reach
more high risk individuals, who present themselves at the doorstep of our insti-
tute, and, as family members of a new born, are motivated to participate.

We agree with public health practitioners in countries of low HBV endemicity, that
antenatal screening and targeting might be sufficient to control HBV (38). But,
with added tracing of contacts it can protect older children and adults at high risk
for infection, and reduce the pool of infective individuals.

Serological evaluation after vaccination

Others have found that post-vaccination titres decline with increasing age at vac-
cination, but not until about the age of 30 years (39-42). Also our data showed
12,2% low-responders, i.e. with antiHBs titre below 10 IU/L, for 30 years and
older, and 4,5% for younger than 30. In situations of continuous exposure, rou-
tine serological post-vaccination evaluation should be continued, with revaccina-
tions for low-responders that results in sufficient titres for most (88%).
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In the animal world, hepatitis B co-speciated with various primates and rodents in the
America's. Hepatitis B has a high prevalence amongst aboriginal, Amazonian Indi-
ans, and Inuit populations. Maybe hepatitis B is, with syphilis, another example of
export of a disease from the New to the Old World (as opposed to smallpox, measles,
and influenza, that decimated populations in the New World due to importation from

the Old World)
Holmes EC, Zanotto PM. The ecology and evolution of human hepatitis viruses. [Ed-

ited]
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Conclusion

We were encouraged to see that 90% of contacts at high risk for acquiring hepa-
titis B, came to the MHS and were protected or counselled as required. As 91%
of the susceptible contacts completed the three dose vaccination series, we con-
clude that contact tracing, integrated with antenatal screening, improves motiva-
tion and should be an inextricable component of any nation’s HBV control pro-
gram, regardless existing universal childhood vaccination..
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Abstract

Background- Besides universal antenatal screening, the Netherlands relies on targeted
vaccination for hepatitis B control. In 1998 the Ministry of Health funded a two year pilot
project directed at vaccinating behavioral high-risk groups for sexual and drug related
hepatitis B transmission.

Methods- In seven participating Municipal Health Service-areas (MHS) hepatitis B vacci-
nation (HBVax MSD) was offered without costs to men who have sex with men, drug us-
ers and heterosexuals with multiple partners, including commercial sex-workers. Partici-
pants were included during the first 18 months of the project (October 1998 — May 2000).
Second and third vaccinations were given up to October 2000. Four regions, designated
as intervention areas, started enhanced recruitment. Depending on the local situation this
was done either through intermediary caretakers or by the MHS staff: methadone and
STD-clinics included the vaccinations in the standard operating procedure; the MHS de-
ployed opinion and peer leaders to recruit participants or peers by using a snowball
method; outreaching vaccination was carried out in non-medical low threshold places.
Intermediaries and drug users were offered an incentive. Three areas, designated as
control, used flyers only to invite people to come for free vaccination at the regular open-
ing hours of the MHS.

Results- In 18 months 13.808 people from high-risk groups entered the program. This is a
coverage of 63% of the targeted population in the intervention areas and 23% in the con-
trol areas. The enrolment of drug users remained far behind expectation (19% in interven-
tion regions, 4% in control regions). The enrolment of the heterosexual population (64%)
was satisfactory. This was achieved partly due to structural uptake of vaccination in the
standard operating procedure in the Amsterdam STD-clinic, partly by multiple outreach
efforts. There were regional differences in success and failures of various recruitment
strategies.

Conclusions- If given sufficient facilities, the MHS in the Netherlands are able to reach
and enrol a limited number of high-risk individuals for hepatitis B vaccination; more time is
needed to implement the program, especially for hard drug users. Successful strategies in
one region are not uniformly transferable to other regions. Although feasible, this high-risk
approach is not able to reach sufficient numbers of high-risk individuals to protect the
population against hepatitis B. However, even with universal vaccination these high-risk
groups have to be attended to for the coming decennia. The experience gained with the
various strategies will be deployed by all other MHS in The Netherlands, and successful
strategies can be applied elsewhere in the industrialised world.
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Introduction

The Netherlands is a country of low endemicity for hepatitis B. The reported inci-
dence of acute hepatitis B varied in the last decade from 1.4 to 1.8/100.000 in-
habitants [1], although a GP sentinel system suggests that actual incidence is 3.2
—6.1/100.000 [2]. To control transmission, patients with acute hepatitis B are
referred to their Municipal Health Service (MHS) facility, where interviews ascer-
tain the probable mode of transmission and preventive action is undertaken. In a
random sample of 140 cases in 1999-2000, the probable mode was homosexual
contact 30%, heterosexual contact 29%, drug-use 21%, and other or unknown
20% [1].

In 1996, the Dutch Health Council advised the Ministry of Health, Welfare and
Sports to vaccinate three specific groups at high risk for hepatitis B: men who
have sex with men (MSM), drug users (DUs) and heterosexuals with multiple
partners [3]. In 1997, the Ministry offered financial incentives and free vaccine to
any MHS facility submitting a plan to vaccinate these groups during a pilot period
of eighteen months. The goal was to evaluate strategies to enhance recruitment
for hepatitis B vaccination and improve compliance. Seven MHS areas re-
sponded, of which we studied four as intervention regions and three as control
regions. Here we report on the strategies, the population that started and com-
pleted the vaccination series, and the cost in staff and money. Effective strate-
gies will be used in a nation wide implementation of the program and might be
used in other countries of low endemicity.

Participants and methods

High-risk populations

High-risk groups for hepatitis B were defined as men who have sex with men
(MSM), users of hard drugs but not party drugs like ecstasy (DUs), and hetero-
sexuals with multiple partners. This last group included male and female sex
workers (SWs) and persons treated at sexually transmitted disease (STD) clinics.
The estimated MSM population in the seven regions was based on Sexual
Health Surveys [4,5], with DUs based on DU registries and SWs based on two
inventories and various surveys [6,7] plus data from the STD foundation. The
number of clients of STD clinics were based on the annual reports of these clin-
ics. Estimates were reviewed by experts and by advocacy and support organisa-
tions and the highest estimate chosen in case of inconsistencies.
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Target high-risk population

The participating seven MHS facilities estimated their target population for the
18-month enroliment period based on their recruiting methods in the pertinent
groups. When there was data on the prevalence of HBV markers in the groups,
the target population was based on an estimate of the susceptible population.

Screening and vaccination

Starting October 1998, hepatitis B vaccination (HBVax MSD) was offered free in
the seven MHS areas on the normal schedule of month 0, 1 and 6. Enrollment
ended in April 2000, but second and third doses were offered until October 2000.
On receiving the first dose, participants were tested for total antibody to hepatitis
B core antigen (anti-HBc). A chi-square test was used to compare the suscepti-
bility of high-risk groups, defined as negative anti-HBc rates, in the intervention
versus control areas; susceptibility was defined by the group rate of negative
anti-HBc findings. Participants learned test results on returning for HBV-II. Those
positive for anti-HBc were referred to their healthcare provider for complete sero-
logical hepatitis B screening and counselling, with treatment on findings of
chronic infection. Contacts of chronically infected patients are routinely traced by
the MHS and vaccinated if susceptible. We referred participants that opted for
post-vaccination screening for antibodies to the hepatitis B surface antigen (anti-
HBs) to their healthcare provider.

Recruitment

Flyers promoting hepatitis B vaccination were developed and distributed in all
seven areas. They described local vaccination resources in Dutch, Spanish, Eng-
lish, and German.

Enhanced outreach was undertaken in the four intervention areas (Table 1a), of
which one was metropolitan (Amsterdam, population 750.000), two urbanised
(295.000 and 185.000, respectively) and one rural (198.000). When possible,
vaccination was integrated into medical and non-medical services already offered
to high-risk groups. Its availability was publicized using existing communication
lines among support and advocacy groups. General media was not used, since
free vaccine was provided in only seven of the country’s 45 MHS areas, serving
16.5% of the total population (intervention 9%, control 7.5%).

In the metropolitan intervention area, relevant healthcare providers were invited
to promote and administer the vaccine, and GPs received 5,- Euro for each vac-
cine administered. In STD and methadone clinics, screening and vaccination was
integrated into the usual routine, with vaccine offered to all those who knew the
Dutch or English language, had a postal address, and planned at least six
months’ residence in Amsterdam. STD clinic staff was expanded as part of the
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pilot. Physicians working at correctional facilities were involved and assisted by
MHS nurses in blood-taking and initial registration. Advocacy and support groups
were asked to participate by directing high-risk individuals to vaccination sites.
Sex workers were approached by MHS nurses through an existing program of
periodic visits to brothels.

In the urbanised intervention areas, outreach strategies were tailored to each
high-risk group, with vaccination performed in various locations. Opinion leaders
among MSM were invited to advocate the program in meeting places such as
gay bars, and MHS nurses provided vaccination on the spot. For DUs, vaccina-
tion was performed at sites for methadone outlet, needle exchange, and home-
less shelter. For SWs, it was offered at brothels and zones of street prostitution.
In the rural intervention region, DUs were recruited through the methadone pro-
gram and the "snowball method," by which DUs are informally trained, then of-
fered 5,- Euro for each fellow DU they recruit. Information and first vaccination
were given to MSM at sexual meeting places and to SWs at brothels.

The enhanced outreach above was compared with more passive outreach in
three MHS control areas, where free vaccine was publicized only by distributing
flyers to healthcare providers. It was administered only at MHS during regular
office hours. Control areas included an urbanised area (population 288.000) and
two mixed urbanised-and-rural areas (560.000 and 373.000, respectively).
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Table 1a

Size of general, high-risk, and targeted populations and number of participants
and percentage participants of target population per Municipal Health Service
(MHS) in the four intervention and three control areas in the 18-month enrollment
period of the pilot hepatitis B vaccination program, The Netherlands.

Intervention areas

Metropolitan

Urbanised

Urbanised

Rural

Sub-total intervention

Control areas

Urbanised

Mixed urbanised and rural
Mixed urbanised and rural
Sub-total control areas

General

750.000
295.000
185.000
198.000
1.428.000

288.000
373.000
560.000
1.221.000

High-
risk

52.000
4.300
2.600
2.400

61.300

3.730
3.000
3.270
10.000

Target Partici- % target

pants

19.050 11.935 63
850 530 62
640 496 78
300 223 74
20.840 13.184 63
260 153 59
750 150 20
1.760 321 18
2.770 624 23

% high
risk

23
12
19
10
22

10
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Table 1b

Size of high-risk, and targeted populations and number of participants per high-
risk group in the four MHS intervention areas and three MHS control areas, dur-
ing the 18-month enrollment period of the pilot hepatitis B vaccination program,

The Netherlands.

In intervention areas Population Target Participants % target % high ri
Men having sex with men 28.080 5.500 3.523 64

Drug users 8.120 5.600 1.068 19

Sex workers 8.600 1.440 652 45
Heterosexual STD clinic 13.500 8.300 7.941 96

visitors

Sub-total intervention 58.300 20.840 13.184 63

In control areas

sk
13
13

8
48

22

Men having sex with men 7.240 950 426 45 6
Drug users 2.000 1.350 57 4 3
Sex workers 460 340 79 23 17
Heterosexual STD clinic 300 130 62 48 21
visitors

Sub-total control 10.000 2.770 624 23 6
Compliance

We define a compliant participant as a starter who completed the three-
vaccination series. The STD clinic in Amsterdam sent one reminder to anyone

not coming for HBV-II or -lll within one month of its due date. However, if they did

not arrive within another month, it closed their record. In the urbanised interven-
tion areas, MSM and STD clinic visitors received a written or telephonic re-
minder, depending on preference. They were given a key holder with vaccination
card as an incentive, while DUs could opt for money (5,- Euro). In the rural area,

DUs scheduled for HBV-II or -llIl were reminded through the methadone program.

Individuals vaccinated at other sites were reminded by staff at subsequent visits.
Compliance, or uptake of HBV-IIl, was compared between the combined inter-
vention areas and the combined control areas with a chi-square test. We ana-
lysed compliance among the high-risk groups and compliance per vaccination
facility in two similar logistic regression models.
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Funding and costs

The Dutch Ministry of Health, Welfare and Sports funded the project and enabled
the following activities: development and distribution of flyers, purchase and dis-
tribution of vaccines for the intervention areas, serological tests, co-ordination of
the project, appointment of additional staff in STD clinic and MHS facilities, de-
velopment and distribution of a data registration system. The project received a
financial grant from Aventis Pasteur MSD, The Netherlands, that enabled deliver-
ing hepatitis B vaccine free of charge in the control areas.

Project cost was calculated per completed vaccination series and also per pro-
tected (fully vaccinated, infected, or immune) individual.

Results

High-risk population

The high-risk groups in the four intervention areas were estimated to total 61,300
persons, with a target population for the 18-month enrolment period of 20,840
(Table 1a), or 34% of the high-risk population. The high-risk population in control
areas was estimated to be 10,000 individuals, with 2,770 (28%) targeted. A total
of 13,808 high-risk persons entered the program, 13,184 in the intervention re-
gions (63% of those targeted, and 22% of the broader high-risk population) and
624 in control regions (23% of those targeted, and 6% of the broader population).
In the intervention regions, 64% of targeted MSM but only 19% of targeted DUs
received the first vaccination dose (Table 1b). The SW programs included 45% of
the targeted number, thus reaching only 8% of the broader SW population. In
control areas, 23% of targeted SW population (17% of the broader population)
received the first dose.

Recruitment strategies

In the intervention areas, members of all three high-risk groups were processed
through STD clinics, correctional facilities, GP practices, and existing outreach
activities. Of all participants in these areas, 69% entered the program through
STD clinics, including 1466 MSM, or 42% of MSM participants in these areas.
Correctional facilities recruited 2% of all participants, contributing 3% of DUs, and
10% of SWs. Of the 435 GPs in Amsterdam, 70 agreed to participate, but only 11
vaccinated 359 individuals, of whom most were MSM, or 9% of MSM partici-
pants. Recruitment through existing outreach for MSM contributed 18% of MSM,
and MHS recruitment bringing 26%.

Of DUs, methadone clinics enrolled 44%, while 3% came through correctional
facilities, and only 1% through STD clinic or GP. In Amsterdam, methadone clin-
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ics are integrated with MHS, where most DUs were vaccinated, but only 14% of
the city’s targeted DU population (686/5.000) entered our program. In the two
urbanised and one rural intervention regions, methadone clinics recruited 51, 70
and 36% of the targeted populations, respectively. Of SWs, 33% were vaccinated
at brothels by MHS nurses, 33% at the local MHS, and 15% of sex workers at the
STD clinic.

Strategies involving non-medical sites typically started vaccination on the spot
and continued the series at the local MHS. Successful strategies included, for
MSM, the personal approach by MHS nurses at meeting places and through
bartenders serving as opinion leaders; for DUs, working through the field workers
serving them. In urbanised regions, newspaper notices inserted among personal
advertisements brought MSM for vaccination but failed to reach them in the
metropolitan region. The snowball strategy for DUs failed, bringing not one to the
program in any region.

Screening

In the intervention areas, screening for anti-HBc on the first vaccination found
14% of participants to be previously infected, compared to 3% in control areas
(Table 2a, chi-square p<0,001). In both areas, DUs were more often found posi-
tive than other participants (Table 2a, chi-square p<0,001). Screening identified
114/1910 (6%) high-risk individuals previously unknown to be chronically in-
fected, including 19 MSM, 13 DUs, 11 SWs (including 2 male) and 71 STD clinic
visitors.
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Table 2a

Number screened, number susceptible (%), and number of participants that

completed second (HBVac-Il) and third (HBVav-Ill) hepatitis B vaccination dose

per high-risk group in the combined intervention areas and combined control

areas in the 24-months duration of the pilot hepatitis B vaccination program in

The Netherlands.
Intervention Number Anti-HBc (%) HB- % HB- % Odds 95% ClI
areas screened nega- Vac-ll Vac-lll ratio®

tive®
MSM 3.523 2899 82 2569 89 2145 74 1,63 151 1.77
Drug users 1.068 740 °69 615 83 430 58 0,71 0.62 0.81
Sex workers 652 528 81 379 72 231 44 058 049 0.68
Heterosexual 7.941 7.107 89 5186 73 3.875 55 1.00 - -
STD-clinic
visitors
Sub-total 13.184 11.274 86 8.728 77 6.681 °59
intervention
areas
Control areas
Men having 426 419 98 396 95 331 79 3,06 1.77 5.30
sex with men
Drug users 57 49 g6 40 82 24 49 0,64 031 1.32
Sex workers 79 79 100 56 71 35 44 0,70 0.36 1.36
Heterosexual 62 56 90 52 93 33 59 1.00 - -
STD-clinic
visitors
Sub-total 624 603 97 544 90 423 °70
control
areas

a. negative anti-HBc is regarded as no previous infection with the hepatitis B virus

b. percentage susceptibles in intervention area lower as compared to control areas (x32,

p<0.001)

c. compliance in intervention areas did not differ from control areas (x2, p>0.05)
d. Odds ratio with 95% CI of the compliance with the HBVac-IIl of the high-risk group in
reference to category heterosexual visitors STD-clinic
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Table 2b

Number screened, number susceptible (%), and number of participants that

completed the second (HBVac-Il) and third (HBVac-Ill) hepatitis B vaccination
dose per facility in the combined intervention and combined control areas during
the 24-months duration of the pilot hepatitis B vaccination program in The Neth-

erlands.

Intervention
areas

STD clinics
Correctional
facilities
General practi-
tioners
Gay-clinics
Methadone
clinics

Sex clubs
MHS

Other
Sub-total
intervention
areas

Control areas
MHS

Other
Sub-total
control areas

Number
screened
9072

263

359

638
494

406
1859
93
13.184

546
78
624

Anti-
HBc-?
7868
231

323

541
359

369
1515
68
11.274

537
66
603

(%)

87
88

90

85
73

91
81
73
86

98
85
97

Number (%)

HBVac-ll

5784 74
181 78
284 88
488 90
303 84
271 73
1378 91
60 88
8749 78
486 91
58 88
544 90

Number
HBVac-lll
4466

83

229

377
214

177
1088
47
6681

390
33
423

%

56
37

71

70
59

48
72
69
59

73
50
70

Odds

Ratio?
1.00
0.48

1,82

1,49
0.79

0.80
1.46
1,05

3.40
1.00

95% CI

0.37

1.46

1.27
0.66

0.65

1.32
0.70

2.10

0.62

2.26

1.75
0.95

0.97

1.61
1.59

5.54

a. negative anti-HBc is interpreted as no previous infection with the hepatitis B virus

d. Odds ratio with 95% CI of the compliance with the HBVac-Ill at facility compared to
reference, i.e., STD clinic for intervention and other facilities for control areas.
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Compliance

The combined high-risk groups in the intervention regions did not differ signifi-
cantly in compliance from combined groups in control areas (Table 2a, chi-
square p>0.05). In the former, compliance was higher among MSM than among
STD clinic visitors (OR 1,63; 95%CI 1,51- 1,77). Among DUs and SWs, compli-
ance was lower (respectively, OR 0,71; 95% CI 0,62-0,81 and OR 0,58; 95%ClI
0,49-0,68). In control areas too, MSM had better compliance than STD clinic
visitors.

As shown in Table 2b, GPs, MHS facilities, and gay clinics reported more patient
compliance (in declining order) than did STD clinics, brothels, methadone clinics,
and correctional facilities (in declining order).

Costs

Excluding cost of vaccines, the cost of their administration was 590.000,- Euro.
Per completed vaccination series, cost was 83.18 Euro; per protected individual,
65.45 Euro. Staff hours required per completed series varied in the intervention
areas from 1.32 hours in the metropolitan area to 7.01 hours in one urbanised
area. In the rural area, 3.05 hours were needed per completed series.

Discussion

To protect high-risk individuals against hepatitis B, increased vaccination is
needed using various approaches [8,9]. In The Netherlands, MHS facilities oper-
ate locally and can reach high-risk groups in their area. In our pilot program in-
volving 7 areas, 4 intervention areas with enhanced recruitment had better re-
sults (63% of targeted population, 22% of total high-risk population) than 3 con-
trol areas (23% of targeted population, 6% of high-risk population). Only 3% of
participants in control areas were anti-HBc-positive, versus 14% in the interven-
tion areas (Table 2). This finding reflects the selection of individuals with less risk
in the control areas (the “worried well”) and may explain the higher compliance
there. Given these factors, it is encouraging that compliance among the high-risk
groups did not differ significantly from intervention to control areas.

Of all hepatitis B patients reported in recent years, more than half had been
through STD clinics or correctional facilities before the infection was diagnosed
[10], but these venues missed opportunities for preventive vaccination [11,12].
We and others [13,14] have shown that with additional incentives, STD clinics
can integrate vaccination into their routine. Our finding of low compliance at the
Amsterdam STD clinic was due to a coincidental two- to four-fold increase in
STD diagnoses [15,16] that caused overburdened staff to close records on per-
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sons not responding to HBV-Il reminders within one month.

In Dutch prisons, high-risk behaviour is low [29], but vaccination there would help
prevent HBV transmission after detention [10]. As in comparable countries [28],
about 12% of prisoners in The Netherlands were anti-HBV-positive. Compliance
with our vaccination program was low, largely because few were detained long
enough to complete the series.

In the Netherlands and other industrialised countries [17], the level of hepatitis B
vaccination in MSM remains low [18] despite the efficacy of various strategies
[19,20]. We recruited MSM successfully through bartenders of gay bars, an ap-
proach similar to that of the Gay Men’s Task Force in Glasgow, where higher
levels of hepatitis B vaccination were found among MSM reached by peer educa-
tors [21]. Most of our participating GPs found it hard to identify high-risk individu-
als among their patients and, having identified them, were hesitant to discuss
hepatitis B vaccination with patients visiting for unrelated reasons. However, a
group of eleven gay-friendly GPs in Amsterdam enrolled 9% of participating
MSM, and once these GPs managed to broach the subject, their clients were
most likely to complete series, due to their professional attention.

In general, vaccine delivery to DUs is poor [22], but programs to vaccinate high-
risk individuals in clinical or non-clinical settings have effectively reached DUs
[14]. Our recruitment of this group was delayed by the need to organise
venipuncture staff at methadone clinics, and most DU participants entered our
program during its last six months. Our yield was therefore not high, but our
strategy was ultimately successful, and DU compliance matched that of other
integrated projects [23, 24] and exceeded that of research settings [25].

The integration of SW vaccination into routine visits to brothels by MHS nurses
worked well for us and for researchers in Belgium and Austria [13, 26, 27]. How-
ever, since the SW population is migratory, completing the vaccination series
was often impossible.

The average cost of vaccine administration (excluding vaccine) was higher if
calculated per completed series (83.18 Euro) than per person protected (65.45
Euro), since some non-vaccinated individuals are protected by previous infection.
Also, protection can be assumed for some persons who receive only one or two
doses. Besides, through self-selection and selection by health care profession-
als, few previously infected individuals participated, as shown by the relatively
low percentage of HBV markers we found. For example, the prevalence of HBV
markers in DUs of the Netherlands reportedly varies from 68% to 81% [30,31] but
was 31% among our DU participants.

Reduction of the pool of infective individuals is crucial to managing the population
dynamics of hepatitis B endemicity [34]. Our project thus had public health bene-
fits, since 114 individuals with previously unknown chronic infection were de-
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tected at the first visit. They were referred for MHS evaluation and possible
treatment; their intimate contacts were screened and offered vaccination if sero-
negative.

The overall vaccine coverage after 18 months of enhanced outreach was never-
theless disappointing. Only 22% of the high-risk population was recruited. Of
susceptible participants, 59% completed the vaccination series, raising the exist-
ing protection rate for the high-risk population obtained through previous infec-
tion, with only 14%. A vaccine giving full protection after two or even one dose
would have raised this rate to 17 or 22%. Higher levels of enrolment and full vac-
cination could be expected if our project were expanded and publicised exten-
sively, with nation-wide implementation [32]. In fact, the Dutch Ministry of Health,
Welfare and Sports plans such implementation, to begin November 2002, but
coverage is still unlikely to reach the 63% required to stop endemic circulation
[33]. Although The Netherlands provides good access to health care for various
high-risk groups, MHS facilities will not reach all individuals at high risk for acquir-
ing hepatitis B. Universal vaccination would be needed to eliminate the disease,
even in countries of low endemicity like The Netherlands. This projection argues
that acceptance would be similarly poor for any vaccine developed against HIV.
Even with universal vaccination, groups at high risk for HBV infection will need
special attention over the coming two decades, i.e., until vaccinated birth cohorts
have reached the high-risk age. We found no strategy to be successful in all re-
gions but have produced and tested an array from which MHS areas can choose
and adapt to their existing services and their particular high-risk population. Suc-
cessful strategies might be beneficial in other countries of low endemicity.

Acknowledgements

The language and wording in this article were improved greatly by the editing
remarks of Lucy D. Phillips.

80



Hepatitis B vaccination high-risk groups

The description by Lirman in January 1885 is a precise and careful account of an
outbreak of hepatitis B related to smallpox revaccination. Lirman elegantly relates
the jaundice to the use of human lymphe in smallpox inoculations of workers in a
shipyard:

Die von October 1883 bis April 1884 hier in Bremen beobachtete |cterusepidemie
betraf das Personal der Actien-Gesellschaft ,, Weser”. Dies Etablissement (Schiffsbau,
Maschinenfabrik und Eisengerei) ist am westlichten Ende der Stadt auf dem rechten
erhhten Weserufer gelegen.

Eine Icterusepidemie. Mitgetheilt von Dr. Liirman in Bremen. Berliner Klinische
Wochenschrift. No 2, 12 Januar 1885, pp 20-23.
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Abstract

Aims- To gain insight into the spread of hepatitis B among various risk groups in
Amsterdam.

Methods- A six-year (1992-1997) retrospective DNA sequencing study was performed of
isolates from stored sera from reported primary cases of acute hepatitis B infection. Cases
were classified according to risk behavior, as determined in interviews. Of available
serum, a selected region of hepatitis B-virus-DNA was amplified and sequenced. The
nucleotide alignments were subjected to phylogenetic tree analysis.

Results- When nucleotide alignments were subjected to phylogenetic analysis, the strains
of 54 isolates, 26% of the 204 reported primary cases, clustered in five genotypes: A, C,
D, E and F. In genotype A, we identified a cluster related to men having sex with men. In
genotype D, two subclusters could be identified, one, related to injecting drug use and
another, related to the Moroccan population in Amsterdam. The remaining strains showed
a high genetic variability within three different genotypes: F, E and C. Of the 14 identical
isolates in the “homosexual men cluster”, one was isolated from a female heterosexual. Of
the 14 identical strains in the “drug users strain” six were from non-drug using heterosex-
ual active individuals. In the cluster of twelve isolates related to hepatitis B-endemic areas
probable modes of transmission were varied.

Conclusions- Sequence analysis provides important insight into the spread of hepatitis B
among various high-risk groups. The analysis indicates that the prevention strategy in The
Netherlands, fails to stop transmission of hepatitis B from chronic infected individuals
originating from hepatitis B-endemic countries.
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Introduction

In the Netherlands, approximately 250 patients with acute hepatitis B are re-
ported annually. Between 1993 and 1998, the reported incidence varied from 1.4
to 1.8/100.000 inhabitants [1], but a general practitioners sentinel system sug-
gests that actual incidence is two to six times higher (incidence ranging from 3.2
—6.1/100.000 [2]. Patients are reported with the probable mode of transmission
as ascertained by the reporting physician. In 1998 the probable mode of trans-
mission was heterosexual contact in 32%, homosexual contact in 19% and inject-
ing drug use in 3%. Since social and psychological barriers hamper open discus-
sion of present and former risk behavior, the probable mode of transmission was
often unclear and registered as unknown. The percentage registered as unknown
declined from 61% in 1993 to 46% in 1998 [2].

In Amsterdam, the incidence of reported acute hepatitis patients varied in the
same period from 3.2-6.1/100.000, and percentages for the probable modes of
transmission were 36% men having sex with men, 27% heterosexual contact,
11% injecting drug users, 6% other transmission and 20% unknown. This differ-
ence from the nation wide percentages reflects the risk populations in Amster-
dam, and another important factor is the long-standing tradition of the Municipal
Health Service in source- and contact-tracing. The effort and experience of the
Municipal Health Service with history-taking in tracing risk behavior results in a
lower percentage of unknown cases. Nevertheless, even in Amsterdam misclas-
sification is possible, and the percentage unknown is still high. To gain more
insight into the spread of hepatitis B among various risk groups and to detect
possible new risk groups, we conducted a pilot study. Its aim was to find out if
isolation and sequence analysis of virus strains can assist in ascertaining the
source of community acquired acute hepatitis B infection. This retrospective se-
quence analysis was performed on HBsAg-positive sera, stored in the Public
Health Laboratory, with regard to patients diagnosed with acute hepatitis B and
reported to the Municipal Health Service from 1992 to 1997. The molecular epi-
demiology of the acute disease in Amsterdam, identifies three clusters related to
specific populations and behaviors with high risk for hepatitis B.

Participants and methods

Participants

From 1992 to 1997, 204 index patients with community acquired acute hepatitis
B were reported as primary cases to the Municipal Health Service in Amsterdam.
Reporting criteria are clinical signs and symptoms in combination with laboratory
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confirmation of acute infection as measured by the appearance of hepatitis B
surface antigen (HBsAQ) or the presence of type M immunoglobulin antibodies to
the hepatitis B core antigen (antiHBc-IgM). The Municipal Health Service ap-
proaches all reported patients for active surveillance including source- and con-
tact-tracing, partner notification, preventive intervention consisting of immuniza-
tion of susceptible contacts at risk, and hygienic advice. Information on risk be-
havior during the three to six months preceding each infection is obtained by an
experienced public health nurse in one or more, in-depth interviews. Individuals
are classified with an algorithm by probable mode of transmission. The first group
includes people with specific hepatitis B-risk behavior: men having sex with men,
individuals with unprotected heterosexual contact with new or multiple partners or
injecting drug users. Transmission to persons without such behaviors is classified
as household transmission, health care-related, or unknown. The transmission to
an individual without specific hepatitis B-risk behavior but with a household con-
tact who is identified as carrier of hepatitis B surface antigen (HBsAgQ), is classi-
fied as household transmission. Without hepatitis B-risk behavior and without
HBsAg positive household contacts, the transmission is classified as health care
related, if invasive procedures were performed in the six months preceding infec-
tion. If none of these risks are identified, the transmission is classified as “un-
known”. Besides risk behavior, other data are recorded in each case including
age, gender, country of origin, travel history in the six months preceding infection
and, if applicable, the identified source person. For 72 out of 204 reported pa-
tients, the diagnostic tests had been conducted by the Public Health Laboratory
and of 63/72 patients, sera had been stored. In 54/63 samples, hepatitis B-virus-
DNA could be amplified and sequenced.

Isolation, amplification, and sequencing

A genomic region of HBsAg that defines the different subtypes of the virus, was
amplified and sequenced [3,4,5]. DNA was isolated from serum samples using
standard techniques [6]. In each case the first HBsAg-positive serum sample
obtained after infection, was chosen for amplification by PCR using primers
ACPR and S3 (ACPR, nucleotide 56-85, sense: 5'-
CCT.GCT.GGT.GGC.TCC.AGT.CCC.GGA.ACA.GTA-3'; S3, nucleotide 806-786,
antisense 5-TTG.GTA.ACA.GCG.GTA.TAA.AGG-3). In those cases, in which
the amount of PCR product was not sufficient for further analyses, a semi-nested
PCR was performed using primers S1 (S1, nucleotide 459-479, sense: 5'-
GTATGT.TGC.CCG.TTT.GTC.CTC-3") and S3. Standard PCR conditions were
used taking stringent precautions against contamination as described previously
[7]. Briefly, the PCR products were purified with Qiaquick columns (Qiagen,
Germany). Both strands were sequenced with the primers S1, S2 (nucleotide
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687-668, sense: 5-GGC.ACT.AGT.AAA. CTG.AGC.CA-3’) and S3. Sequence
reactions were performed on a Vistra Labstation (Pharmacia Amersham, Rooz-
endaal, The Netherlands) using dye terminator chemistry and analyzed on an
Applied 373 automated sequencer (Applied Biosystems, Nieuwerkerk a/d IJssel,
The Netherlands). Both strands were sequenced and analyzed using Geneworks
software (Oxford Molecular, Oxford, United Kingdom).

Phylogenetic analysis

Hepatitis B-virus nucleotide (nt) sequences encompassing a 252-nt region of the
surface gene (S gene) were obtained from 54 individuals. Nucleotide alignments
were subjected to phylogenetic tree analysis, using the neighbor-joining method
as implemented in the MEGA program [8]. Nucleotide distances were calculated
according to the Kimura-2-parameter model [9], which takes into account differ-
ent transition/transversion rates. The bootstrap option in MEGA (100 replicates)
was used to determine the reliability of the clusters in the neighbor-joining trees.
The neighbor-joining phylogenetic tree was compared in each case with a phy-
logenetic tree based on maximum likelihood calculations by using DNAML.exe as
implemented in the PHYLIP software package [10] and by using the PUZZLE
program [11,12].

Genetic distances for the hepatitis B-virus nucleotide sequences obtained from
men having sex with men and injecting drug users were calculated by pair-wise
comparisons according to the Kimura-2-parameter nucleotide substitution model.

Nucleotide sequence accession numbers

The nucleotide sequence data reported in this paper have been deposited in the
GenBank sequence database under accession no. AY048597 to AY048650. The
reference types used were obtained from the GeneBank: genotype A, substrain
aywl (A_aywl) = X756609 [3]; A_adw2=X75666 [3]; B_ayw1=X75660 [3];
C_ayr=X75667 [4]; C_adrg-=X75656 [13]; C_adrq+=X75792 [4];
D_ayw2=X75662 [4]; D_Costa Rica=U91832 [14]; D_ayw3=X75668 [3];
E_ayw4=X75657 [13]; F_adw4q-=X75658 [13].

Results

Participants

Table 1 presents the distribution according to probable transmission of the 54
index cases with acute hepatitis B in whose sera hepatitis B-virus-DNA was am-
plified and sequenced, in relation to the 204 notified cases (54/204=26,5%). The
transmissions in these 54 persons were classified as follows: 19 men having sex
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with men, 13 heterosexually transmitted, 10 injecting drug users, 2 household, 4
health care related, and 6 unknown transmissions. Patients with household- and
unknown transmission were younger.

Table 1

Representation of risk groups in the study population (N=54) from 1992 to 1997
as classified by probable mode of transmission, based on interviews by a trained
public health nurse in relation to the total number of primary index cases reported
in this period.

Probable | Reported Number of strains Male/| Median| Age range

mode of index sequenced female age (N=54)
transmission cases | (% of reported cases) (N=54) | (N=54)
MSM 71 19 27) 19/0 29 20-36
HET 64 13 (22) 5/8 31 19-65
IDU 16 10 (56) 4/6 30.5 18-42
HOU 11 2 (18) 2/0 7 3-11
HCR 6 4 (67) 2/2 24.5 10-71
UNK 36 6 a7) 3/3 12.5 1-50
Total 204 54 (27) 3519 36 1-71

MSM  risk behavior: men having sex with men (i.e. unprotected male homosexual con-

tact)
HET risk behavior: unprotected heterosexual contact with new or multiple partners
IDU risk behavior: injecting drug use

HOU  household contact who is hepatitis B carrier (no other risks identified)
HCR health care-related: invasive procedure (no other risks identified)
UNK unknown transmission

Sequence analysis

The hepatitis B-virus sequences are displayed in a phylogenetic tree constructed
by the neighbor-joining method (Figure 1), which includes reference sequences
for the distinct genotypes of hepatitis B-virus. The strains clustered in five geno-
types: A, C, D, E and F. In hepatitis B-virus genotype A, there were 19 strains
corresponding to reference serotype adw2. In hepatitis B-virus genotype D, two
clusters could be identified, one with 17 strains corresponding to serotype ayw3,
and one with 12 strains corresponding to serotype ayw2. Among the remaining
strains, a high genetic variability was found, with isolates classified as belonging
to hepatitis B-virus genotypes F, E and C and corresponding to serotypes
adw4q-, ayw4, and adrg- respectively.
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The phylogenetic tree based on maximum likelihood calculations gave similar
results (data not shown).

The strains in the genotype A cluster, were similar in their diversity to the strains
in the first genotype D cluster, serotype ayw3. The viruses in the genotype A
cluster, differ from one another by 0% to 2.4%, with a mean genetic nucleotide
distance of 0.4%, whereas viruses in the first genotype D cluster, differ by 0% to
2.4% with a mean distance of 0.37%. The strains in the second cluster in geno-
type D, serotype ayw2, differed by 0.8 % to 1.2%.
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Figure 1. The neighbor-joining phylogenetic tree of 54 nucleotide sequences (S gene,
surface antigen, 252 nt) of the hepatitis B virus obtained from individuals in Amsterdam,
hased on the Kimura-2-parameter distances.
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Representative sequences for each genetic subtype obtained from the Genbank were
included as references (Accession numbers: genotype A_aywl= X75669;
A_adw2=X75666; B_ayw1=X75660; C_ayr=X75667; C_adrg-=X75656; C_adrq+=X75792;
D_ayw2=X75662; D_ayw3=X75668; E_ayw4=X75657; F=X75661;HB_CR=U91832). The
two-digit numbers in the figure represent the bootstrap values obtained by generating 100
trees. Only bootstrap values of 50 and higher are shown. The sample numbers consist of
year of diagnosis, S, and individual sample number. Sample numbers of cases classified
as unknown are in jtalics; those of cases for which risk analysis gave a probable mode of
transmission unrelated to the majority of the cluster are followed by an asterix*.
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Epidemiological data related to clustering of strains

Of the 19 individuals with hepatitis B-virus of genotype A, 17 were men having
sex with men. This cluster is referred to as the “cluster homosexual men”. Three
individuals in this cluster did not have a Western European country of origin, one
came from Brazil, one from Canada, one from Surinam. Of the 19 sequences, 14
were identical: 13 men having sex with men, one female classified as heterosex-
ual transmission. In the five remaining strains of the “cluster homosexual men”,
more diversity was identified. Four strains, which differed 0.4% to 0.8% from the
14 identical strains, were found in men having sex with men who were, based on
travel history, probably infected abroad. The fifth strain was found in a man of
Surinamese origin classified as heterosexual transmission. He was most likely
infected through heterosexual contact with a Surinamese woman with chronic
infection, whose virus had a sequence identical to his (data not shown). His
strain differs 1,61% from the 14 identical strains. The female patient classified as
heterosexually transmitted among the 14 men with identical strains, was a Dutch
prostitute, whose male partner had acute hepatitis B six months earlier; no data
on his risk behavior nor serum was available.

Of the 17 individuals with a hepatitis B-virus strain in the first subcluster in geno-
type D, corresponding to serotype ayw3, 9 were injecting drug users. We there-
fore refer to this as the “cluster drug users”. All had a Western European country
of origin. Of the 17 viral sequences, 14 were identical. The 14 individuals with
this strain were 7 injecting drug users, 6 heterosexual transmission, 1 health care
related transmission. The source of the health care related case was identified
based on sequence analysis as a former injecting drug user with chronic infec-
tion, co-admitted on the same psychiatric ward [Leentvaar-Kuipers, 1995]. In 5 of
the 6 heterosexually transmitted cases, contact with a drug-using sexual partner
was confirmed. The three divergent strains in the “cluster drug users” were found
in two injecting drug users, differences 0.8% and 2.02%, and 1 heterosexual
transmission. Based on her travel history, this person was probably infected
abroad. Her strain differed 0.4% from the 14 identical “drug users strains”.

Of the 12 strains in the second subcluster in genotype D, corresponding to sero-
type adw2, nine were found in individuals of Moroccan origin, two had a country
of origin in the America’s, one was Dutch. In this so-called Moroccan-cluster, one
was heterosexually transmitted, a Moroccan male with a female Moroccan
HBsAg-positive sexual partner; two were household transmissions, both Moroc-
can children with a HBsAg-positive family member; three were health care re-
lated, i.e. Moroccans with no risk factor other than a percutaneous procedure in a
Moroccan health care setting; three were classified as unknown transmission,
since they had no HBsAg-positive family member or other known risk factors.
The three persons in this cluster with non-Moroccan origin included a female
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prostitute from Middle America, classified as heterosexual transmission, whose
strain was identical with one of the three Moroccan “unknown strains”. It was also
identical to the strain of the second non-Moroccan person in this cluster: a female
of South American origin. This woman, classified as unknown transmission, had
spent nine months preceding her infection in Venezuela. Her family members in
The Netherlands were all tested, and appeared to be HBsAg-negative. The his-
tory on heterosexual risk behavior remained inconclusive. The third non-
Moroccan person in the Moroccan cluster is a 12-year-old Dutch male, also clas-
sified as unknown transmission. The majority of his class- and playmates were of
Moroccan origin.

Genotype F was found in two Dutch men having sex with men. Both were in-
fected in 1995, had not traveled in the months preceding their illness and had no
sexual relationship, or shared sexual partner.

Of the three strains in genotype E, 2 were heterosexual transmission, 1 was un-
known transmission. One heterosexually transmitted female was infected through
heterosexual contact with a Nigerian man, with chronic infection. The sequence
of his isolate was identical to hers (data not shown). The second HET was a fe-
male prostitute of South American origin, who arrived in the Netherlands three
months before the first day of illness. For the third case, a Dutch male classified
as unknown transmission, no possible source could be identified.

The individual with the genotype C strain was classified as heterosexual trans-
mission because this female Dutch travel guide had heterosexual risk behavior in
Southeast Asia in the months preceding her infection.

Discussion

This is the first epidemiological study of community acquired acute hepatitis B
using phylogenetic analysis. Previous studies have analyzed strains originating
from individuals with chronic infection with hepatitis B virus, [3,4,16,17] reflecting
the epidemiological situation of vertical transmission in endemic countries or in
individuals originating from such countries. Sequencing is used with success to
link cases in an outbreak setting [18,19,20,21,22]. In this study we analyzed new
incident cases in a metropolitan area. We identified three distinct genotypes of
the hepatitis B-virus in Amsterdam in different risk groups: a genotype A cluster,
related to hepatitis B transmission between men who have sex with men, with a
predominant “homosexual men strain”; a genotype D cluster, related to drug use
or heterosexual contact with drug users, with a predominant “drug users strain”,
and a third cluster, also in genotype D, related to the Moroccan population in
Amsterdam, the “Moroccan cluster”. The Moroccan strains correspond with the
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hepatitis B-virus subtypes found in the Mediterranean area [17,23].

This study shows that phylogenetic analysis has important value for public health
programs. Firstly, it confirms that the history-taking of experienced public health
nurses brings to light risk behavior that corresponds well with the clustering of
strains.

Secondly, these data support other observations from European sequencing
studies with HIV [24] and HAV [25], that there is very little spread of sexually
transmissible virus from the homosexual to the heterosexual population. Only
1/14 identical “homosexual men strains” was found in a heterosexual. A different
“homosexual men strain”, genotype F, was found twice in 1995 in male homo-
sexuals and never again. Given the transmission dynamics among men having
sex with men, an incidentally imported hepatitis B-virus strain is unlikely to be-
come endemic in The Netherlands. In contrast to other continents, Europe seems
to have rather distinct circuits of sexually active populations.

Thirdly, phylogenetic analysis points to considerable hepatitis B transmission
from injecting drug users to the heterosexually active population, as was ob-
served with HIV-1 in a sequence study conducted in Amsterdam [26]. Proper
history-taking to detect drug-related contacts of the heterosexual population is
appropriate. In 5/6 as heterosexual classified transmissions, in whom a “drug
users type” virus was isolated, a (heterosexual) contact with a drug user was
confirmed. Programs directed at vaccinating drug users will have additional
beneficial effect in reducing heterosexual transmission to the non drug using
population. A project aimed at vaccinating high risk groups started in the Nether-
lands in 1998, with Amsterdam as the major pilot area. The coverage of vaccina-
tion among injecting drug users is disappointing [27]. This analysis suggests that
the failure to reach all injecting drug users, will affect hepatitis B incidence in the
broader heterosexual population. Since the project is also directed at vaccinating
visitors of STD-clinics and visitors of prostitutes, including those of drug using
prostitutes, the project might still reduce the spread of hepatitis B in the broader
heterosexual population.

The fourth public health value of this study is its insight into the importance of
transmission of hepatitis B virus from HBsAg-positive individuals either acquired
while traveling to or by origin from hepatitis B-endemic countries. Six individuals
were infected while traveling abroad, one possibly as a resident abroad.

The data suggests that three health care related cases, all in Moroccan individu-
als, were infected through transmission within the Moroccan community, without
excluding nor confirming the possible effect of invasive health care intervention in
Morocco. Also, both household transmissions took place within this community,
and three of the six unknown cases were Moroccan individuals. No homosexual
men or “drug users strains” were isolated in cases with unknown transmission.
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The Health Council of The Netherlands has advised to vaccinate children with
one or both parents originating from a hepatitis B-endemic country [28]. Our data
suggest that this policy would contribute in preventing health care related,
household and unknown transmitted cases.

In the public health setting, the value of sequencing assists little to trace individ-
ual sources for individual cases. In our set of data it helped in pinpointing the
source in one health care related case and two heterosexually transmitted cases.
However, for most individual cases the sequencing can not prove who the actual
source person is. The virus isolated from the Dutch boy with contacts of Moroc-
can origin, belonged to the Moroccan cluster. Since hepatitis B virus transmission
in schools has been documented [29], this finding suggests a possible source in
the Moroccan community. A vaccination policy as proposed by the Health Coun-
cil will prevent similar transmissions.

Our findings have important consequences for the prevention of hepatitis B in
countries where universal childhood hepatitis B vaccination is not yet or only
recently implemented. At present, vaccination campaigns in these countries are
directed at high-risk groups for acute infection (men having sex with men, inject-
ing drug use and heterosexual transmission). Our data indicate that besides
these well known transmission routes, there is considerable transmission within
and from people originating from hepatitis B endemic countries. The existing
antenatal screening and neonatal vaccination program identifies pregnant carri-
ers, of whom in Amsterdam 97% are of foreign origin [30]. Male or non-pregnant
females will only be identified if they are in the immediate family or household of
an HBsAg-positive expectant mother or new incident case. We suggest to fur-
ther investigate the contribution of unknown HBsAg positive sources that are
missed by screening only pregnant mothers in this population.

Our study population represents only 26% of all cases of acute hepatitis B infec-
tion in Amsterdam. There is an over representation of injecting drug users and
health care related cases. We therefore can not estimate the contribution of the
various risk groups in the total hepatitis B transmission. However, the relative
importance of drug users in heterosexual transmission, and the relative impor-
tance of chronic infected individuals from hepatitis B endemic countries in
household and unknown transmission, is not influenced by this skewed selection
of samples. The existence of the Moroccan cluster, and the various incidental
exotic genotypes found in this analysis, show that, even with complete coverage
by the existing vaccination programs, transmission of hepatitis B virus will con-
tinue to occur. This will in part be prevented by the policy as proposed by the
Health Council. Further screening of all newcomers from hepatitis B-endemic
countries should be considered. Treatment should be offered to all thus identified
chronic infected potential sources. Active source and contact tracing in the case
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of each newly identified infection or chronic infected individual remains an essen-
tial strategy to prevent horizontal and sexual transmission. Without universal
vaccination, public health policy to prevent spread of hepatitis B in the Nether-
lands must depend on a complete inventory of sequences from isolates repre-
senting all reported hepatitis B cases.

Conclusion

In this retrospective molecular epidemiological study, we show that the 54 se-
guenced and analyzed viruses could be grouped directly or indirectly into one of
three risk groups: homosexual, drug-related or imported. The results of sequenc-
ing have important value for public health intervention. Our analysis provides
evidence that hepatitis B virus transmission from injecting drug users to the non-
drug-using heterosexually active population is frequent. Transmission from the
homosexual population to the heterosexual population is limited. Transmission
from men having sex with men to injecting drug users and vice versa is not seen.
There is considerable spread of hepatitis B virus from chronic infected people
originating from hepatitis B endemic countries. The present vaccination policy in
The Netherlands consists of an active approach towards the neonates of carrier
mothers, household contacts of incidentally identified carriers, individual tar-
geted-risk persons, such as travelers, men having sex with men, injecting drug
users, prostitutes and their clients, and other heterosexually active individuals.
This policy is not sufficient to eliminate transmission of hepatitis B virus from
chronic infected individuals from endemic areas. We conclude that the policy, as
suggested by the Health Council, to vaccinate all children with one or both par-
ents originating from hepatitis B endemic countries, gives an important contribu-
tion to eliminating hepatitis B in The Netherlands. Besides this proposed strategy
we suggest to place more emphasis on tracing and protecting susceptible indi-
viduals at high risk for contracting an imported strain, i.e. sexual and household
contacts of (unknown) chronic infected individuals from hepatitis B -endemic
countries.
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Early civilisations near the region of Mesopotamia regarded the liver as the seat of
life because it appeared to be the central collection point for blood. Detailed examina-
tion of the liver of sacrificed animals was used by Mesopotamian doctors for forecast-
ing illnesses or for planning military campaigns. This practice of divination extended
in to the fifth century B.C. Thus, it is not surprising that liver disease and jaundice
were relatively well known to the Babylonians and other peoples of antiquity. Both
the Babylonian Talmud and the writings of Hippocrates allude to jaundice as a symp-
tom complex.

F.Blaine Hollinger, in Fields Virology pp 2739

99



Chapter 5

References

10.

11.

12.

13.

14.

15.

Rijlaarsdam J, Smits LIM, Laar MJW van de. 1999. Notification of hepatitis B in the
Netherlands in the period 1976-1998. Infectieziekten Bulletin (Infectious Disease
Bulletin) 10: 185-6 (in Dutch) http://www.isis.rivm.nl/inf_bul/home_bul.html.
Bartelds AIM. Viral hepatitis. 1994-1997. In: “Continuous Registration of Morbidity
in General Practice”. NIVEL ISBN 90-6905-392-6 (in Dutch).

Norder H, Hammas B, Léfdahl S, Couroucé AM, Magnius LO. 1992. Comparison of
the amino acid sequences of nine different serotypes of hepatitis B virus surface
antigen and genomic classification of the corresponding hepatitis B virus strains. J
Gen Virol 73:1201-8.

Norder H, Couroucé AM, Magnius LO. 1992. Molecular basis of hepatitis B virus

serotype variations within the four major subtypes. J Gen Virol 73:3141-5.
Okamoto H, Tsuda F, Sakugawa H, et al. 1988. Typing hepatitis B virus by homol-

ogy in nucleotide sequence: comparison of surface antigen subtypes. J Gen Virol
69:2575-83.

Boom R, Sol CJA, Salimans MMM, Jansen CL, Wertheim-van Dillen PME, van der
Noordaa J. 1990. Rapid and Simple Method for Purification of Nucleic Acids. J Clin
Microbiol 28:495-503.

Kwok S, Higushi R. 1989. Avoiding false positives with PCR. Nature 339:237-8.
Kumar S, Tamura K, Wei M. 1993. MEGA: molecular evolutionary genetics analy-
sis, version 1.0 Institute of Molecular Evolutionary Genetics, the Pennsylvania
State University Park, PA.

Kimura M. A simple method for estimating evolutionary rates of base substitution
through comparative studies of nucleotide sequences. J Mol Evol 1980; 16: 111-

20.
Felsenstein J. 1993. PHYLIP (Phylogeny Inference Package) Version 3.5c. Univer-

sity of Washington, http://www.caos.kun.nl/cammsa/PHYLIP.

Tamura K, Nei M. 1993. Estimation of the number of nucleotide substitutions in the
control region of mitochondrial DNA in humans and chimpanzees. Mol. Biol. Evol
3:512-26.

Strimmer K, von Haeseler A. 1995-1999. PUZZLE (version 4.02).

http://members.tripod.de/korbi/puzzle.
Norder H, Couroucé AM, Magnius LO. 1994. Complete genomes, phylogenetic

relatedness, and structural proteins of six strains of the hepatitis B virus, four of
wich represent two new genotypes. Virology 198 (2): 489-501.

Arauz-Ruiz P, Norder H, Visona KA, Magnius LO. 1997. Molecular epidemiology of
hepatitis B virus in Central America reflected in the genetic variability of the small S
gene. J. Infect. Dis 176 (4); 851-8.

Leentvaar-Kuijpers A. 1995. Jaarverslag 1995, Volksgezondheid en milieu, afde-

100



Molecular epidemiology HBV

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

ling Infectieziekten (Annual report Municipal Health Service Amsterdam, depart-
ment of Infectious Diseases), GG&GD Amsterdam, (in Dutch).

Norder H, Hammas B, Lee SD, et al. 1993. Genetic relatedness of hepatitis B viral
strains of diverse geographical origin and natural variations in the primary structure
of the surface antigen. J Gen Virol 74:1341-8.

Lindh M, Andersson AS, Gusdal A.. 1997. Genotypes, nt 1858 variants, and geo-
graphic origin of hepatitis B virus. Large scale analysis using a new genotyping
method. J Infect Dis 175 (6): 1285-93.

Zuckerman MA, Hawkins AE, Briggs M, Waite J, Balfe P, Thom B, Gilson RJC,
Tedder RS. 1995. Investigation of hepatitis B Virus Transmission in a Health Care
Setting: Application of Direct Sequence Analysis. J Infect Dis 172: 1080-3.

Roll M, Norder H, Magnius LO, Grillner L, Lindgren V. 1995. Nosocomial spread of
hepatitis B virus in a haemodialysis unit confirmed by hepatitis B virus DNA se-
quencing. J Hosp Infect 30 (1): 57-63.

Osterhaus AD, Vos MC, Balk AH, de Man RA, Mouton JW, Rothbarth PH, Schalm
SW, Tomaello AM, Niesters HG, Verbrugh HA. 1998. Transmission of hepatitis B
virus among heart transplant recipients during endomyocardial biopsy procedures.
J Heart Lung Transplant 17(2):158-66.

Webster GIM, Hallett R, Whalley SA, Meltzer M, Balogun K, Brown D, Farrington
CP, Sharma S, Hamilton G, Farrow SC, Ramsay ME, Teo C-G, Dusheiko GM.
2000. Molecular epidemiology of a large outbreak of hepatitis B linked to auto-
haemotherapy. Lancet 356: 379-84.

Petrosillo N, Ippolito G, Solforosi L, Varaldo PE, Clementi M, Manzin A. 2000.
Molecular epidemiology of an outbreak of fulminant hepatitis B. J. Clin Microbiol 38
(8): 2975-81.

Borchani-Chabchoub I, Gargouri A, Mokdad-Gargouri R. 2000. Genotyping of
Tunesian hepatitis B virus isolates based on the sequencing of preS2 and S re-
gions. Microbes Infect 2 (6): 607-12.

Kuiken CL, Goudsmit J. 1994. Silent mutation pattern in V3 sequences distin-
guishes virus according to risk group in Europe. AIDS Res Hum Retroviruses 10:
319-20.

Bruisten SM, van Steenbergen JE, Pijl AS, Niesters HGM, van Doornum GJJ,
Coutinho RA. 2001. Molecular Epidemiology of Hepatitis A Virus in Amsterdam, the

Netherlands. J. Med. Virol. 63: 88-95.
Lukashov VV, Op de Coul ELM, Coutinho RA, Goudsmit J. 1998; HIV-1

strains specific for Dutch injecting drug users in heterosexually infected in-
dividuals in The Netherlands. AIDS 12: 635-41.

van Steenbergen JE. Results of an enhanced-outreach programme of
hepatitis B vaccination in the Netherlands (1998-2000) among men who
have sex with men, hard drug users, sex workers and heterosexual per-

101



Chapter 5

28.

29.

30.

sons with multiple partners. J Hepatol 2002;37:507

Health Council of The Netherlands. 2001. Universal vaccination against hepatitis B.
The Hague: Health Council of the Netherlands; publication no. 2001/03.

Williams I, Smith MG, Sinha D, Kernan D, Minor-Babin G, Garcia E, Robertson B,
Di Pentima R, Shapiro CN. 1997. Hepatitis B Virus Transmission in an Elementary
School Setting. JAMA 287: 2167-9.

Leentvaar-Kuipers A, Wiersma S, Doornum GJJ van, Coutinho RA.. 1993. Evalua-
tion of the hepatitis B prevention program. Il. Amsterdam, 1989-1992. Ned Tijdschr
Geneeskd 137: 2594-8 (in Dutch).

102



HAV immunity and seroconversion in
contacts of acute hepatitis A patients in Am-
sterdam, 1996-2000; evaluation of current
prevention policy

Gerard J.B. Sonder (1,2), Jim E. van Steenbergen, (1,3),
Lian P.M.J. Bovee, (1), Paul G.H. Peerbooms, (4),
Roel A. Coutinho, (1,5), and Anneke van den Hoek, (1)

O

American Journal of Public Health, 2003, accepted.

1. GG&GD (Municipal Health Service), Dept. of Infectious Diseases,
Amsterdam, The Netherlands (NL)

2. LCR (National Co-ordination Center for Travelers Health Advice),
Amsterdam, NL.

3. LCI (National Co-ordination Communicable Disease Control),
Utrecht, NL.

4. GG&GD, Public Health Laboratory, Amsterdam, NL.

5. Academic Medical Center, University of Amsterdam, Dept. of
Human Retrovirology, Amsterdam, NL.

103




Chapter 6

Abstract

Objectives- To evaluate the current hepatitis A control policy of householdcontacts of
acute hepatitis A patients between 1996 and 2000 inclusive.

Methods- The characteristics and serological outcome of contacts were analyzed. All
susceptible contacts were invited for retesting 6 weeks after receiving immune globulin
(1G).

Results- Of 569 patients, 1242 contacts were analyzed. Over 50% (672) were HAV im-
mune. Of the remaining 570, 161 (28.2%) had a concurrent infection, of whom 86/161
were symptomatic. The remaining 409 susceptible contacts received IG, 186/409 (45%)
came back after 6 weeks, of whom 64 (34%) were infected, but only 12 with symptoms.
No tertiary cases were reported.

Conclusions- 1G does not protect all contacts from HAV infection but rather attenuates
symptoms. IG effectively seems to reduce further HAV transmission.
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Introduction

Hepatitis A is an acute liver disease caused by the hepatitis A virus (HAV), which
is transmitted by the feco-oral route. The disease is rarely symptomatic in chil-
dren under 5, but morbidity and mortality can be high in adults. Its prevalence is
strongly related to economic conditions: in less developed countries the disease
occurs widely among children and, as a result, most adults are immune. In more
developed countries, more adult cases and clinical infections are seen. In the
Netherlands, as in most western countries, the seroprevalence of anti-HAV anti-
bodies declined sharply in people born after World War 1l [1], making a majority
of the population susceptible.

In Amsterdam, the incidence of hepatitis A follows a largely seasonal pattern,
with peak incidences in August and September due to import of the virus by chil-
dren of migrant-worker families (mainly from Turkey and Morocco) who have
spent summer holidays in the country of parental origin [2], Hepatitis A also
causes year-round micro-epidemics among homosexual men [3,4], but sequenc-
ing of the viruses suggests that different subgenotypes circulate in different risk-
groups [5].

In the Netherlands, a diagnosis of hepatitis A is notifiable and must be reported
to the Municipal Health Service (MHS). To prevent secondary cases, household
contacts of each primary patient are identified and given advice on hygienic pre-
cautions, as well as passive immunization with IG if found susceptible.

In this study we evaluated the serological results of testing household contacts of
acute hepatitis A reported 1996-2000 to determine the proportion of those im-
mune at presentation and the predicting factors for such immunity. Furthermore
we analyzed the follow-up of the susceptible contacts to determine the incidence
of symptomatic and asymptomatic HAV infection.

Participants and methods

Classification

This study was based on all hepatitis A cases reported to the Department of In-
fectious Diseases of the Municipal Health Service (MHS) in Amsterdam between
1 January 1996 and 31 December 2000. After a case is reported, a history is
taken to find the most likely route of HAV transmission. According to these
routes, we classified patients hierarchically into 5 'transmission’ groups. If homo-
sexual activity had occurred in the previous 6 weeks, this was considered the
most likely cause of infection. If no homosexual activity had occurred, but there
was a hepatitis A case in the immediate environment, this case would be the
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most likely cause of infection. If travel to a highly HAV-endemic country had oc-
curred in the previous 6 weeks, this was the most likely cause. Primary school
students who did not travel, were most likely to have been infected by an asymp-
tomatic peer at school. Patients with no likely cause of disease were in the 'un-
known’ group. Household contacts are all people living in the same house and
sharing the same toilet as the index case, as well as people who take care of a
child with hepatitis A and sexual partners of an index patient.

Interventions

All household contacts are invited to receive MHS advice on hygienic precau-
tions; were offered serologic testing (total anti-HAV antibodies) and immunization
with immune globuline (IG) within 14 days after the onset of disease in the index-
patient. The first day of disease in an index-patient was defined as the first day of
jaundice. Since people born and raised in highly HAV-endemic countries are
often immune, they are not given IG until the HAV antibody test results are avail-
able (usually within 1 day). Children under 10 years of age who test positive for
total anti-HAV are tested also for IgM antibodies to ascertain whether they have a
recent infection. Contacts over 10 years old are tested for IgM only if they de-
scribe symptoms indicative of acute hepatitis A.

Follow up

To detect infections occurring within 6 weeks after passive immunization, sus-
ceptibles are invited for retesting. Those who then test positive for total anti-HAV
are also tested for anti-HAV IgM to exclude possible false-positive tests caused
by IG administration. Only people with a positive IgM antibody test were consid-
ered to have seroconverted and acquired a recent hepatitis A infection. We de-
tected antibodies against hepatitis A virus using a competitive enzyme immuno-
assay for total antibodies and an antibody-capture enzyme immunoassay for the
detection of IgM-antibodies (HAVAB and HAVAB-M, Abbott Diagnostic Division,
Wiesbaden, Germany). A solid phase version of both tests were used until April
1998, then replaced by a microparticle version (AXSYM®, Abbott Diagnostic
Division). The sensitivity of these tests is 99.7%; the specificity is 99.0%. The
incubation period of hepatitis A varies between 14 to 50 days. Therefore we clas-
sify persons with a disease onset within 14 days of disease onset in the index
patient as concurrent primary or co-primary cases. Persons with disease onset
between 15-50 days after disease onset in the index patient were considered
secondary cases [6].

For this, data from all hepatitis A patients and their contacts were extracted from
the electronic database of the Department of Infectious Diseases: date of birth,
gender, symptoms of disease, date of onset of disease, risk factors in the incuba-

106



HAV contacts and immune globuline

tion period, birth-country, parents’ birth-country, the date of passive immunization
and dates and results of blood tests (total HAV antibodies and IgM antibodies).
For people older than 15 years, country of origin was defined as the country of
birth. For people 15 years or younger, country of origin was defined as the birth-
country of their parent(s).

Statistical analysis

Chi-square test or Students’ t-test was used where appropriate, to compare
characteristics between different groups. For calculating risk factors for different
outcomes, SPSS logistic regression was used to obtain univariate and multivari-
ate odds ratio’s (ORs) and 95% confidence intervals (CIs). In multivariate model-
ing, all factors with a p-value < 0.10 were included.

Results

Reported cases (Figure 1)

Between 1 January 1996 and 31 December 2000, 569 patients with IgM-
confirmed acute hepatitis A (index patients) were reported to the MHS in Amster-
dam (Table 1). In 151 (26.5%) homosexual activity was the most likely transmis-
sion route; 66 (11.6%) had close contact with a symptomatic patient; in 158
(27.8%) travel to an endemic country was the most likely transmission route; 74
(13.0%) were primary school students with no cases in their immediate environ-
ment and without travel history. For the remaining 120 (21.1%) no obvious
source of infection was found.

Most homosexually infected men were born in Western countries (89%). Most
otherwise infected patients were 15 years or younger (71%) and of Moroccan
origin (59%).
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Table 1

Characteristics of all to the MHS in Amsterdam, Netherlands (NL) reported cases
of acute hepatitis A between 1 January 1996 and 31 December 2000, by sexual

orientation.

Characteristics of Homosexual Other than

Index patients transmission homosexual transmission
Total 151 (26.5%) 418 (73.5%)

Sex

Female 216 (51.7%)

Male 151(100%) 202 (48.3%)

Mean age in years (min-max)

Female 14.0 (1-77)

Male 35.1 (19-72) 15.7 (2-63)

Country of origin* for persons > 15y
NL and other

Western countries 134 (88.7%)

Morocco

Turkey

Other non-Western 14 (9.3%)
Unknown 3 (2.0%)

Country of origin* for persons < 16y
NL and other
Western countries
Morocco
Turkey
Other non-Western

Country of birth=NL,
parents’ birth country unknown

Unknown

Age group

0-15y

16-35y 92 (60.9%)
> 35y 59 (39.1%)
Number of household contacts

no contacts 88(58.3%)
1 contact 56(37.1%)
2-3 contacts 6(4.0%)
>3 contacts 1(0.7%)

107 (85.6%)
4 (3.2%)

1 (0.8%)

10 (8.0%)

3 (2.4%)

26(8.9%)
172 (58.7%)
37 (12.6%)
22 (7.5%)

35 (11.9%)
1 (0.3%)

298 (71.3%)
74 (17.7%)
46 (11.0%)

45(10.8%)
38 (9.1%)
113(27.0%)
222(53.1%)

*For people older than 15 years, country of origin is defined as the country of birth. For
people 15 years or younger, country of origin is the country of their birth unless that coun-
try is The Netherlands; then country of origin is the country of the parents’.
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Immune contacts (Figure 1)

A total of 1715 household contacts were identified, each index patient having an
average of 3 contacts (range 0-16). Of these 1715 contacts, 473 were excluded
because blood samples were not taken, or were taken more than 14 days after
disease onset in the index patient.

The characteristics of the 1242 remaining contacts are presented in table 2. Of
these, 672 (54%) were immune at presentation. Dividing total contacts by age
group, 359 were aged 10 or younger, of whom 35 (10%) were immune.

The included and excluded groups did not differ in gender, number of contacts,
or most likely source of infection. However, the median age of the excluded con-
tacts was significantly lower (15 years, range 0-64) than that of the included
group (20 years, range 0-77) (p < 0.001). Significantly more contacts were not
included if the "country of origin’ was 'Other, non-Western’ (p = 0.03).
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Figure 1
Outcome of 1715 contacts of 569 acute hepatitis A patients in Amsterdam, The
Netherlands 1996-2000.
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Predictors for immunity (Table 2)

In univariate analysis, contact age, transmission group of index-patient and con-
tact gender, number of household contacts and country of origin, were signifi-
cantly associated with immunity at presentation. All these factors were included
in multivariate analysis. Older age, the travel or school transmission groups, four
or more household contacts, and origin in highly endemic countries were inde-
pendently positively associated with immunity. Contacts of patients in the homo-
sexual transmission group were significantly less likely to be immune at presen-
tation than contacts in other groups. Significantly more people originating from
HAV-endemic countries were immune at presentation than people originating
from Western countries.
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Table 2

Prevalence of hepatitis A antibodies in blood samples, taken from contacts within
14 days after onset of hepatitis A in the index patient, by characteristics, Amster-
dam, the Netherlands 1996-2000.

Characteristics Total (%) Anti-HAV+ OR (95% Cl) OR (95% Cl)
of contacts univariate multivariate
Total 1242 672(54.1%)
Age groups
0-5y 160 5(3.1%)+ 1 1
6-10y 199 30(15.1%)+ 5.5(2.1-14.5)*** 5.0(1.9-13.4)**
11-15y 170 82(48.2%)  28.9(11.2-73.9)***  26.0(10.0-67.7)***
>15y 713 555(77.8%) 108.9(43.9-269.9)*** 1587.0(520.3-
4840.5)***

Transmission group index
unknown 297 140(47.1%) 1 1
travel 492 306(62.2%) 1.8(1.4-2.5)*** 2.4(1.5-3.8)***
homosexual activity 51 13(25.5%) 0.4(0.2-0.8)** 0.3(0.1-0.9)**
school 232 137(59.1%) 1.6(1.1-2.3)** 2.2(1.3-3.7)*
case in immediate

environment 170 76(44.7%)  0.9(0.6-1.3) 1.1(0.6-2.0)ns
Gender
Male 618 304(49.2%) 1 1
Female 624 368(59.0%) 1.5(1.2-1.9)*** 1.0(0.7-1.4)ns
Number of household contacts
1 contact 69 21(30.4%) 1 1
2-3 contacts 223 98(43.9%)  1.8(1.0-3.2)* 0.6(0.3-1.6)ns
>3 contacts 950 553(58.2%) 3.2(1.9-5.4)*** 2.2(1.0-4.9)*

Country of origin++
NL and other

Western countries 310 120(38.7%) 1 1
Country of birth=NL, parents’

birth country unknown 53 8(15.1%) 0.3(0.1-0.6)** 30.9(9.8-96.8)***
Turkey 144 85(59.0%)  2.3(1.5-3.4)*** 22.2(9.7-50.8)***
Morocco 647 398(61.5%) 2.5(1.9-3.3)*** 39.8(19.8-80.2)***
Other non-Western 88 61(69.3%)  3.6(2.2-5.9)*** 14.7(6.4-33.6)***
+ All children under 10 years old were IgM negative.

++ For people older than 15 years, country of origin is defined as the country of birth.
For people 15 years or younger, country of origin is the country of their birth unless
that country is The Netherlands; then country of origin is the country of the par-

ents’.
* p <0.05
xk p<0.01

p < 0.001
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Co-primary cases (Figure 1). Onset of hepatitis A infection in contacts within 14
days after onset in index patient

Of the 570 non-immune contacts, 161 (28.2%) tested IgM positive at their first
bloodtest. These cases are considered co-primary infections. Of all co-primary
infections, 86/161 (53%) were symptomatic; 127 (79%) of these infections were
in children of 10 years or younger of whom 52 (41%) were symptomatic. No as-
ymptomatic infections in contacts older than 10 years were found because these
contacts were not tested for IgM antibodies.

Secondary cases (Figure 1). Seroconversion in susceptible contacts (Table 3):
Of the 409 susceptible contacts, 186 (45.0%) returned for a second bloodtest 6
weeks later. Of these, 64/186 (34%) were IgM positive so they had acquired a
secondary infection. Twelve of them (19%) were symptomatic cases. Age was
not related with symptomatic hepatitis A infection (data not shown).

Between the groups that did and did not return, no significant differences were
found for age group, mean age, gender or number of contacts. However, the
proportion of people who returned did vary with national background (p < 0.05).
Of the people from Western countries 39% came back; from ‘children born in the
Netherlands, origin parents unknown’ 31% came back, from Morocco 55%; from
Turkey 38% and from 'other non-Western countries’ 52%. Tertiary cases were
not identified nor reported to the MHS later.
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Table 3

Seroconversion in susceptible contacts of patients with acute hepatitis A, by

characteristics, in Amsterdam, The Netherlands 1996 — 2000.

Characteristics Total (%) seroconversion OR (95%Cl)
of contacts univariate
Susceptible
contacts: 186 64(34.4%)
Age group
0-5y 33 11(33.3%) 1.2 (0.5-3.1)
6-10y 59 20(33.9%) 1.3(0.6-2.8)
11-15y 35 16(45.7%) 2.1(0.9-5.0)
>15y 59 17(28.8%) 1.00
Transmission group index
travel 66 21(31.8%) 1
homosexual activity 17 6(35.3%) 1.2(0.4-3.6)
unknown 55 15(27.3%) 0.8(0.4-1.8)
school 31 14(45.2%) 1.8(0.7-4.2)
case in immediate

environment 17 8(47.1%) 1.9(0.6-5.6)
Gender
Male 103 36(35.0%) 1.1(0.6-1.9)
Female 83 28(33.7%) 1
Number of household contacts
1 contact 20 6(30.0%) 1
2-3 contacts 31 12(38.7%) 1.5(0.4-4.9)
>3 contacts 135 46(34.1%) 1.2(0.4-3.4)
Country of origin+
NL and other

Western countries 60 19(31.7%) 1
Country of birth=NL, parents’

birth country unknown 8 3(37.5%) 1.3(0.3-6.0)
Turkey 17 3(17.6%) 0.5(0.1-1.8)
Morocco 90 37(41.4%) 1.5(0.8-3.0)
Other non-Western

countries 11 2(18.2%) 0.5(0.9-2.4)

+ For people older than 15 years, country of origin is defined as the country of birth. For
people 15 years or younger, country of origin is the country of their birth unless that coun-
try is The Netherlands; then country of origin is the country of the parents’.
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In univariate analysis, no variables like contact, age, transmission group (of in-
dex-patient), gender, number of household contacts or country of origin, were
significantly associated with secondary infection. As shown in Figure 2, there was
no asscciation between the time at which 1G was given and the likelihood to se-
roconvert: OR 0.96 (0.83-1.04), nor was there an association between the time at
which I1G was given and the likelihood to contract a symptomatic disease: OR
0.96 (0.83-1.12).

Figure 2

Total of all susceptible contacts (n=186) of acute hepatitis A patients, to whom
immune globuline (IG) was given, by day after disease onset in the index case,
with outcome of disease in those contacts 6 weeks later.

100% | i
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Discussion

This study is an evaluation of the current policy in prevention of secondary
transmission of hepatitis A in Amsterdam, based upon analysis of routinely col-
lected data. The relatively high rate of 50% immunity in contacts may be ex-
plained by the high endemicity of HAV in their country of origin. Of the non-
immune contacts 28% had a co-primary infection.

Of 186 susceptible contacts, despite administration of IG within 2 weeks after
onset of disease in the index-patient, 34% developed a secondary infection. Only
6% developed a secondary clinical infection.
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Index cases

In Amsterdam there are two main transmission-groups of hepatitis A: travelers to
highly endemic countries (many of them are children originating from Morocco
and Turkey) [2] and homosexual men. Molecular sequencing showed that there
are two main separate groups: two different subgenotypes are identified in these
two groups [7].

In Amsterdam, since 1998, we started an annual vaccination campaign for chil-
dren under 16 years travelling to HAV endemic countries (mainly Turkey and
Morocco), resulting in a coverage of 50% [8]. All other travelers to HAV endemic
countries are also recommended vaccination.

The group of homosexual men is more difficult to protect: transmission occurs
year-round and mainly from anonymous contacts. Because homosexual men are
one of the two largest groups of acute hepatitis A cases in Amsterdam, we think
all homosexual men in Amsterdam should receive vaccination against hepatitis
A. In the Netherlands, in November 2002 a vaccination campaign started, offer-
ing homosexual men free vaccination against hepatitis B. An effort is made to
offer this group, instead of a hepatitis B vaccine, a combined hepatitis A and B
vaccine for a reduced price.

The last 4 years the incidence of notified cases of hepatitis A in Amsterdam
seems to decrease from 200 in 1998 to 50 in 2002 [9]. Whether this is an ongo-
ing trend still has to be seen.

Immunity of contacts

Of 1242 contacts, more than 50% were immune. The average age in the ex-
cluded group, without a blood sample, was significantly lower than in the age of
the included group, because parents often object to blood sampling in children
when it is not therapeutically necessary. As children are more likely than adults to
be susceptible to HAV, our rate of immunity may be an overestimation.

Because we did not test for IgM in contacts > 10 years who were total anti-HAV
positive, we may have classified some asymptomatic co-primary infected con-
tacts > 10 years as immune, which may also have resulted in an overestimation
of the immunity rate. However, as the large majority of acute hepatitis A in older
people is symptomatic [10]. We do not expect this to be of major influence on the
results.

Among contacts of index patients in the homosexual transmission group, immu-
nity at presentation was relatively lower than in the other transmission groups,
probably because most of these contacts were from countries with low HAV en-
demicity.
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Co-primary cases

Of the susceptible contacts, 28 % were co-primary cases, seroconverting within
14 days of disease onset in the index; half had symptoms of hepatitis A. In Ath-
ens, 18,5 % co-primary cases were found among susceptible contacts of 113
children with hepatitis A; 3,5% were clinical cases [11]. All blood samples were
taken within 7 days after disease onset in the index, and we infer that the rate of
co-primary cases would have been higher than 18,5% if samples had been taken
through 14 days. An Italian study, concerning household contacts of 380 hepati-
tis A patients in Naples [12], found 2,6% co-primary cases (9/219 susceptibles).
Both studies focused on the contacts of sporadic index patients and did not men-
tion the most likely cause of infection in the latter cases.

Secondary cases

Compared to other studies, we found a high (34%) secondary seroconversion
rate in susceptible contacts despite IG treatment within 1-14 days. On the other
hand, of all susceptible persons, only 12/409 (2.9%) secondarily contracted
symptomatic hepatitis A, a finding in agreement with other studies [12].
Symptomatic people may be more likely to return after 6 weeks than people
without symptoms, but excluding the symptomatic cases, we still found a sero-
conversion rate of 30% (52/174).

In only a few other studies was a second blood test performed to detect secon-
dary asymptomatic infections. In the Italian study [12], 12/102 (11.8%) suscepti-
ble household contacts who received no IG nor vaccination seroconverted after 6
weeks (4/12 had symptoms), whereas 2/110 (1.8%) of contacts who received
active immunization with hepatitis A vaccine, seroconverted asymptomatically.
The Greek study [11] reported no seroconversions in 85/185 susceptible house-
hold contacts that came back 4 weeks after IG was given. Finally, a review of
these two and four other studies [13] estimated the probability of secondary se-
roconversion of susceptible contacts in the presence of an HAV-infected index
patient. The reviewers considered the proportion immune at presentation and the
proportion of asymptomatic infections based on assumptions if the studies pro-
vided no measurements; they stratified for age, based on average age distribu-
tions in American families. The resulting rate of transmission to susceptible chil-
dren under 12 years old was estimated 22% (95% CI. 12%-33%) and in suscep-
tible adults 15% (ClI: 9%-20%). We found a somewhat higher rate. A possible
explanation for this difference may be the difference in transmission groups: both
the Italian and the Greek study concerned only family contacts of sporadic index
cases, in the Greek study all index cases were children. Even though in these
studies the most likely route of transmission was not mentioned, it is unlikely that,
like in Amsterdam, 28% of the index cases were infected by travel. In our study,

118



HAV contacts and immune globuline

most contacts are contacts of index cases who traveled. Often they had traveled
as companions of these index cases. Instead of a secondary case, some of
them could as well have been co-primary cases with a long incubation period
(see discussion paragraph ‘limitations’). However, this suggestion is contradicted
by the fact that we did not find significant differences in the various transmission
groups with regard to secondary transmission (Table 3).

The high seroconversion rate despite IG adds evidence that IG prevents or at-
tenuates symptoms but does not always prevents infection [14]. Without any
intervention, the severity of hepatitis A and the proportion of infected people de-
veloping jaundice rises markedly with age: from 0% in children 0-3 year old to
80% in persons over 15 years old [10]. Of the co-primary infections among chil-
dren under 10 years old in our study, 40% were symptomatic. Of all secondary
infections despite 1G in children, 19% were symptomatic, and in contacts over 15
years old 35% was symptomatic, much lower than the 80% one would expect
[10]. Relatively more secondary than co-primary infections were asymptomatic,
and for secondary infections age was not related with symptomatic infection.
Both findings are probably due to the IG received by contacts.

When administered within 2 weeks of exposure to HAV, |G reportedly prevents
more than 85% of clinical hepatitis A cases [15]. Administration of IG in day-care
centers has stopped the spread of hepatitis A (clinical cases) [16]. If it does not
prevent seroconversion but does reduce further transmission, a possible expla-
nation is that IG diminishes HAV excretion.

Its efficacy is said to be greatest when IG is administered early in the incubation
period [15]. In our study, the interval between administration of IG and disease
onset in the index patient appeared unrelated to the chance to seroconvert. Also,
no relation was found between this interval and the likelihood of developing a
symptomatic disease; however, our number of symptomatic cases was small.

So far, contacts of acute hepatitis A patients in Amsterdam are protected from
infection by administration of IG as soon as possible after the index case is noti-
fied. Recently, the hepatitis A vaccine used for pre-exposure prophylaxis in trav-
elers to HAV-endemic countries, is also recommended instead of I1G for post-
exposure prophylaxis in our national guidelines [17]. Vaccination may not always
be fast enough to prevent clinically overt disease, especially in people over 40
years of age or obese, who have a slower immune response to hepatitis A vacci-
nation [18] or in persons vaccinated more than 7 days after disease onset in the
index case [19]. Therefore vaccine is recommended for all healthy contacts un-
der 30 years old. For contacts between 30 and 50 years, it is recommended only
if administered within 7 days after disease onset in the index patient.
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Limitations of the study

In this study we consider contacts with a positive IgM within 14 days after dis-
ease onset of the index case as co-primary cases. It is possible that some of the
secondary cases with a longer incubation period were actually co-primarily in-
fected. However, our study design is also used in other studies, so comparison
with our results is not expected to be influenced by this assumption.

Conclusion

This study shows that IG does not protect all contacts from HAV infection. It does
attenuate symptoms and reduces further spread of transmission: no tertiary
cases were reported.
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Chapter 7

Abstract

Aim- To verify the transmission patterns of sporadic community-acquired hepatitis A virus
(HAV) among different risk groups in Amsterdam by applying molecular techniques on
fecal samples.

Methods- Samples were collected in 1997/1998 from 33 persons with HAV infection
which was confirmed serologically. From 8 of these persons serial stool samples were
collected. Performance of nested RT-PCR targeting the VP3-VP1 and VP1-P2a regions
followed by sequence analysis established the duration of fecal HAV RNA excretion in
stool and the epidemiological molecular relationships between patients.

Results- Samples of 31 patients were RT-PCR positive, of which 24 were positive for both
regions. Fecal HAV shedding was found to occur for at least 33 days after onset of
disease, which was the longest time span tested. Sequencing showed that the hepatitis A
virus subgenotype circulating among persons from Moroccan descent (type IB) was
different from the subgenotype circulating among Dutch homosexual men (type 1A).

Conclusions- Molecular epidemiology might be a new powerful tool for public health.
Further study has to confirm if indeed the subgenotype 1B is endemic in the Netherlands,
as its presence is of importance to the national vaccination strategy.
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Introduction

Hepatitis A virus (HAV) infection causes little or no disease in small children, but
in adults it may lead to serious complications and even fatalities [1,2]. HAV is
transmitted by the fecal-oral route, with person-to-person spread being common
within families, schools, and other close-knit communities [1,3]. Due to public
health improvements (clean water, sanitation) and better social economic
conditions, the annual incidence of reported cases of hepatitis A has markedly
declined in developed countries. In the Netherlands, where reporting is
mandatory, the incidence declined from about 45/100.000 in 1952 to 6/100.000
at present [4]. The cases follow a seasonal pattern, with a peak in August and
September. Epidemiological evidence suggests that children of immigrants who
return from summer holidays spent in the parental country of origin, (often
Morocco or Turkey), are the main importers of HAV in the Netherlands [5].
Secondary transmission within schools and daycare centers often occurs,
although once an index patient is naotified, advice on hygienic precautions and
passive immunization of contacts is provided.

The development of a specific RT-PCR has increased the sensitivity of detection
of HAV. It has been used to establish the duration of fecal excretion after the
development of clinical symptoms in outbreaks of hepatitis A [6, 7, 8]. We
performed a community-based study in Amsterdam in which sporadic cases of
hepatitis A disease were recorded and patients were asked to participate.
Multiple serial fecal samples, derived from 8 persons after the first manifestation
of clinical symptoms, were analyzed to determine how long HAV RNA can be
detected in feces using the RT-PCR. Single samples derived from 25 persons
were also analyzed.

Using sequence analysis, the molecular subtypes of HAV that circulate in
Amsterdam were determined in this study. Two regions were examined, one in
the capsid proteins of HAV, VP3-VP1, and the other in the VP1-P2a junction, for
which at least 7 unique HAV genotypes have been described worldwide [9, 10,
11]. In this study, these regions were used to determine the presence of possible
endemic and imported hepatitis A virus in Amsterdam, the Netherlands. In
addition, the usefulness of molecular epidemiology for contact tracing and
identification of high incidence at risk groups was investigated.

Participants and methods

Participants
At the Municipal Health Service in Amsterdam, all reported cases of hepatitis A
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are registered, and the patients are approached for active surveillance including
source and contact tracing, and preventive intervention consisting of passive
immunization of contacts and hygienic advice. Between January 1997 and March
1998 a total of 162 persons presented with hepatitis A disease. Of these, single
fecal samples were collected from 25 persons with serologically confirmed, IgM
anti-HAV positive, hepatitis A, including 4 persons from one family household.
Samples were obtained on day 2 to day 33 after onset of disease as indicated by
jaundice, or fever. In addition, serial daily stool samples were collected from 8
confirmed hepatitis A cases ranging from day 1 to day 29 after the appearance of
clinical symptoms. Risk factors for acquiring HAV were defined as travelling to
HAV-endemic countries, in particular to Morocco and Turkey, having school or
household contacts with cases, and being men with homosexual contacts. The
people who consented to participate in this study did not differ with respect to risk
factors from those who declined to participate.

Isolation of RNA

Fresh feces samples were aliquotted as a 5%-20% suspension in a nutrient broth
buffer (Oxoid Broth 2) containing 0.5% penicillin, 0.5% streptomycin and 0.3%
fungizone and stored at —80°C until HAV RNA isolation was performed. The RNA
was isolated by a method adapted from Chomczynski and Sacchi [12]. About 400
ul of feces suspension was thawed by adding 1200 pl lysis buffer containing 4.7
M guanidine thiocyanate, 46 mM Tris HCI pH 7.2, 1.2% Triton X-100 w/v, and 20
mM EDTA. After incubation at 65°C for 30 minutes, the samples were briefly
centrifuged at 14000 rpm, (Eppendorf 5417C) at room temperature to remove
insoluble debris. The supernatant was divided into two vials, one of which was
spiked with 5 pl of HAV-positive culture supernatant. By spiking of a part of each
stool sample with cultured virus (>10%/sample) and processing it in parallel with
non-spiked sample, RT-PCR inhibition was controlled for. This virus was a CPE
inducing variant of strain HM175 (HAV cyt/HB1.1) kindly provided by dr. A.
Dotzauer [13]. To each vial 1/10 volume of 3 M sodium acetate pH 5.0 and one
volume of phenol/ chloroform/isoamylalcohol (25:24:1) was added. Vigorous
shaking for 10 minutes at room temperature was followed by 2 minutes
centrifugation (14000 rpm). The water phase was transferred to a clean vial and
nucleic acids were precipitated with one volume of ice-cold 2-propanol. After
centrifugation at room temperature for 20 minutes at 14000 rpm, (Eppendorf
5417C) the pellets were washed twice with 70% ethanol. The dried RNA pellet
was dissolved in 500 pl of 10 mM Tris-HCI pH 8.0 and stored at —80°C until
amplification was performed.
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HAV RNA amplification

Reverse transcription was carried out in a volume of 25 pl using 5 pl of RNA
solution, 1.2 ng of random hexamer primers, 2.5 units of MMLV RT enzyme
(Gibco BRL), 1x first-strand buffer (50 mM Tris-HCI pH 8.3, 75 mM KCI, 3 mM
MgCl,), 8 mM dithiothreitol, 10 units of RNasin (Roche Molecular Biochemicals),
and 300 uM dNTPs (Roche MB). The cDNA reaction was stopped by adding 25
ul of distilled water. Two different nested PCR reactions were performed each in
a volume of 25 pl. Each mixture contained 200 pM dNTP’s, 2.0 mM MgCl,, 1x
PCR buffer, 0.5 units of SilverTag Polymerase (Eurogentec, Seraing, Belgium)
and 20 ng of each primer. To the first, outer PCR reaction, 5 pl of cDNA solution
was added as template. To the inner primer mixture, 2 pl of outer PCR solution
was added. Primers (Life Technologies, Breda, the Netherlands ) were derived
and modified from published sequences [9, 14] and are shown in Table 1.
Cycling conditions for both inner and outer reactions were: 3 minutes at 94°C, 30
cycles of 30 sec at 93°C, 30 sec at 55°C, 50 sec at 72°C and a final incubation of
7 minutes at 72°C.

Table 1
Primer sequences and location
Region name sequence 5-3' nucleotide Fragment
number* length
VP3-VP1 | VP1-4 | CGT.TGC.TTC.CCA.TGT.CAG.AG 2115-2135 | 369 bp
VP1-5 | GAC.CTT.CCC.ATA.AAC.TTG.TAG 2483-2462
VP1-2" | GTT.TTG.CTC.CTC.TTT.ATC.ATG.CTA.TG | 2168-2194 | 247 bp

VP1-1" | GGA.AAT.GTC.TCA.GGT.ACT.TTC.TTT.G | 2415-2390

VP1-P2a | BR-5% | TTG.TCT.GTC.ACA.GAA.CAA.TCA.G 2950-2972 | 360 bp
BR-9% | AGT.CAC.ACC.TCT.CCA.GGA.AAA.CTT 3310-3286

RJ-3" TCC.CAG.AGC.TCC.ATT.GAA 2984-3002 | 234 bp
BR-6% | AGG.AGG.TGG.AAG.CAC.TTC.ATT.TGA 3217-3193

*The numbering is according to Cohen et al [15].

Primer sequences VP1-1, VP1-2, BR-5, BR-9, RJ-3 and BR-6 were derived from
published sequences, with a 5'-three nucleotides truncation in BR-5 ['9; 410 #14]. VP1-4
and VP1-5 were chosen by the authors to develop a nested PCR.

Quter primer sets are VP1-4, VP1-5 for the VP3-VP1 region , and BR-5, BR-9 for the VP1-
P2a region.

Inner primer sets are VP 1-2, VP 1-1 for the VP3-VP1 region , and RJ-3, BR-6 for the
VP1-P2a region.

Each of the four inner primers was also used for sequencing analysis.
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Sequencing analysis

To study the genetic relatedness between the HAV strains involved, a phyloge-
netic analysis was performed on two selected genomic regions of the virus, i.e.,
the C terminus of VP3 through the N terminus of VP1 (VP3-VP1) and the VP1-
P2a junction. As a control isolate, HAV strain HM175 (HAV cyt/HB1.1) was used.
The sequence analysis was carried out under code (i.e. blinded). Sequencing
was performed directly on the nested PCR products, using inner primers and dye
terminator chemistry on a Vistra Labstation (Pharmacia Amersham, Buckingham-
shire, United Kingdom). Analysis was done on an Applied Biosystems 373 auto-
mated sequencer (PE Biosystems, Nieuwerkerk a/d IJssel, the Netherlands).
Both strands were sequenced and analyzed using Geneworks software (Oxford
Molecular, Oxford, United Kingdom). A neighbor-joining tree was constructed
based on Kimura-2 parameter distances in the program MEGA. Published refer-
ence sequences were derived from GenBank and from Robertson et al. [10].

Results

Participants

The characteristics of the 33 participants are shown in Table 2. Most children
belonged to families who originated from Morocco or Turkey. Since the incuba-
tion period of hepatitis A virus infection is two to six weeks, three patients (num-
bers 5, 10 and 13) most probably were infected abroad, because they had clini-
cal symptoms of hepatitis A disease during their stay abroad or shortly after re-
turning to the Netherlands. Patient 5 most probably acquired his infection in Tur-
key, whereas patients 10 and 13 acquired their infection in Morocco. Also, pa-
tients number 2, 7 and 9 may have acquired their infection directly in Morocco.
All other children were infected in the Netherlands, at school or by household
contacts (Table 2).

Six adult participants were men with homosexual contacts who visited sauna
facilities or “dark rooms” in gay bars (patients 21-24, 26 and 28). Four other
adults (patients 20, 25, 27 and 29) had various non-homosexual risk factors.
Patient 20 is a 23-year-old female who visited South Africa, where she had lived
previously. Patient 25 is a salesman of 33 years of age who had no clear risk
factor for acquiring HAV. Although he became IgM-positive, he showed only mild
disease symptoms and did not seroconvert to IgG positivity. His feces sample
was repeatedly tested but persistently RT-PCR negative for both regions (Table
2). Patient 27 probably acquired his HAV infection from his adopted children who
visited a school where hepatitis A disease was prevalent. Patient 29 most likely
was infected in Algeria when she went there on a holiday to visit her family.
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Duration of fecal HAV shedding

Of the 25 patients with single samples, 23 were HAV RNA-positive for both the
VP3-VP1 region and the VP1-P2a region. The maximum duration of HAV RNA-
positivity was 33 days after onset of disease (patient 9) which was the maximum
time span tested in this study.

From the 8 persons with serial samples, the samples were taken on day 1 to day
27 after clinical symptoms appeared (Table 2). Of this follow-up group, 2 were
children, a boy of Moroccan origin (patient 14) and a boy of Turkish origin (pa-
tient 11), whereas 6 were Dutch homosexual men. Patient 14 was RT-PCR posi-
tive for both primer regions up to the last sample, which was taken on day 16
after symptoms started (Figure 1). The family of patient 11 lived in the same
house with the family of patient 6, a girl. The boy shed HAV RNA up to the last
sample taken 11days after symptoms appeared; for the girl, only one sample
taken at day 12 was available, but this was likewise HAV RNA-positive for both
regions. The HAV sequences from these children were identical in both regions
(see below). The follow-up samples derived from the 6 men with homosexual
contacts were positive only for the VP1-P2a region. The samples of 2 of the 6
men were positive at all time points (patients 26 and 28, Figure 1). The maximum
duration of fecal HAV shedding in these follow-up patients was 27 days (patient
28). Patient 28 was of interest because he suffered a clinical relapse with jaun-
dice at 64 days after the first episode of hepatitis A disease. Again fecal samples
were collected, ranging from day 5 to day 19 after recurrence of clinical symp-
toms. All of these samples were repeatedly HAV RT-PCR negative for both re-
gions, indicating that the renewed jaundice was not associated with active HAV
shedding.

If the single and follow up cases are taken together, the longest duration of HAV
RT-PCR positivity was 33 days in this study, which was the maximum time span
tested.

131



Chapter 8

Figure 1

HAV-RT PCR amplification on follow-up samples of 8 persons, one child of Turk-

ish and one of Morroccan origin and 6 Dutch homosexual men. Patient number-
ing corresponds to the numbering in Table Il. Most persons had feces samples
that were positive only for the VP1-P2a region (single positive: dashed blocks).

Tested time points that were negative for both primer sets are indicated by blank

blocks, whereas those that were double-positive, by black blocks.
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Figure 2

Neighbor-joining phylogenetic tree of the VP1-P2a region including sequences of
patients of this study (in boldface), the reference virus HM175, and 9 reference
sequences derived from the publication of Robertsen et al., 1992. Numbers indi-
cate the reproducibility after 100 bootstraps, only bootstraps higher than 60 are
shown. Genotypes are indicated. Bar length: 5% sequence diversity.
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Sequencing analysis and molecular epidemiology

All positive RT-PCR products from patients with single samples and from follow-
up patients with multiple samples taken at different time points were used for
sequence analysis. Aligned sequences of 162 bp for the VP3-VP1 region and
160 bp for the VP1-P2a region were produced. Figure 2 shows the phylogenetic
relationships for the VP1-P2a region, including 9 previously published sequences
that are closely related to those of this study (genotype I) and one that is of an
entirely different genotype (l11A) [10]. The bootstrap values of the clusters vary
from 60 to 87 per 100 replicates when the genotype IlIA strain is included, as is
indicated in Figure 2. These values increase to 67-98% when the genotype IIIA
strain is not included in the neighbor-joining bootstrap analysis.

The reference virus HM175 strain, subgenotype IB, which was used as an inhibi-
tion control in RT-PCR, differed from all other isolates that were sequenced by
us. A subgroup of viruses that differed less than 1% in sequences from one an-
other were of Moroccan origin, since they include the sequences of HAV isolates
from patients (numbers 7, 9, and 13) who most likely acquired their infection
while visiting Morocco. Patients 30 to 33 belong to one family household of Mo-
roccan origin. The youngest patient (number 30) was the index case. Viral se-
guences of these children were 100% identical. Although patients 6, 11 and 12
had parents of Turkish origin, they all acquired their HAV infection in the Nether-
lands, most probably from Moroccan school mates, because their sequences
clustered with those from patients that acquired their infection directly in Mo-
rocco. The isolate of Turkish patient 5 is closest related to that of patient 16, who
is also of Turkish descent. Both cluster with an Algerian isolate, a South African
isolate, and with reference strain HM175. All of our sequences differed less than
5% from other North African sequences that have been described as subgeno-
type IB [10].

With respect to risk factor, an exception among the children was patient number
18, a sixteen year-old boy who had not been abroad nor acquired his infection at
school. He reported heterosexual contacts with many partners. His VP1-P2a
sequence clustered with those of the 6 Dutch homosexual men (patients 21 to
24, 26, and 28) in whom these sequences differed less than 2% from USA se-
guences belonging to subgenotype IA (Figure 2).

From patients with follow-up samples, only one sequence was included in the
dendrogram because in general, serial samples from each patient resulted in
identical sequences for that patient. The first time point from patient 28 and the
two time points from patient 24 were exceptions. The sample from patient 28 was
not included because it may have been mislabeled. From patient 24, almost all
serial samples were repeatedly RT-PCR negative, whereas all spiked samples
were positive, indicating that the negative results were not due to sample inhibi-
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tion. For only two samples (taken on day 11 and day 17) was there a positive RT-
PCR. The sample from day 11 yielded a unique sequence, closely related to the
sequences of the other homosexual men, whereas the sequence from day 17
was identical to that from patients 21, 26 and 28 (Figure 2).

For the VP3-VP1 region the phylogenetic pattern was similar to the pattern for
VP1-P2a but there was no separate group of isolates for the Dutch homosexual
men and patient 18 in this region, because the RT-PCR was negative for VP3-
VPL1 in all samples (Table 2). This probably indicates that one or more of the
VP3-VP1 primers do not fit the HAV sequences present in the samples from the
homosexual men or from patient 18. Again a group of Moroccan viruses, includ-
ing those from patients 2, 7, 9, 10 and 13, could be assigned to subgenotype IB.
The reference strain HM175 again ranked closest to the Turkish isolate of patient
5 for the VP3-VP1 region (not shown).

Discussion

Acute viral hepatitis used to be one of the commonest infections in children, sel-
dom causing serious disease. Due to improvements in hygienic conditions its
incidence has declined in the developed world, but the mean age of infection with
HAV has increased, leading to an increased disease burden. The incubation
period of hepatitis A is 15-50 days, with a mean of 30 days. Based on epidemiol-
ogical studies, HAV is shed in feces for one to two weeks before the onset of
illness and at least one week afterwards [1,3]. In the present study, persons with
sporadic infections of hepatitis A who reported to the Municipal Health Service in
Amsterdam were asked to participate by providing stool samples. Most cases
were children of parents from ethnic minority groups, but some were adults with a
Dutch background. In the present study HAV RNA shedding could be detected
for many participants by RT-PCR in feces for at least one month after onset of
disease. In a previous study, the duration of HAV positivity was reported to last
up to 3 months in adults, although only the fecal samples collected within 10
days after symptoms were invariably positive, and only 5 of 10 persons tested
were positive at all [8]. In another study, infants from a neonatal intensive care
unit were found to excrete HAV RNA in feces for as long as 4-5 months after the
infection [6]. This finding was based on two preterm infants, of whom one was
followed for 7 months after infection. Possibly the lack of a fully functional im-
mune system in these infants contributed to the prolonged excretion. On the
whole, the number of participants and the proportion of HAV RNA-positive per-
sons in our study was larger than previously reported. The longest time period
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assessed by us was 33 days. This concerned a sample from an immuno-
competent child whose fecal sample was positive for both viral regions tested.
Possibly the duration of HAV RNA positivity can indeed last several months, but
to what extent excretion of viral RNA makes an individual infectious to others is
unclear. Since Tamarin monkeys can be infected with HAV by exposure to feces
derived from HAV-infected persons up to 34 days after start of IgM positivity, the
presence of viral sequences could indicate viral infectivity [16].

Fecal samples from three persons in our study group were repeatedly negative
for HAV by RT-PCR. Two of these persons donated only one sample shortly after
onset of disease, the other person (patient 24) had 14 serial samples ranging
from day 7 to 20 after onset of symptoms. Of these serial samples, the RT-PCR
was negative with both primer sets, with the exception of two samples that were
positive with only the VP1-P2a primers. Sequence analysis showed that these
two isolates differed. One isolate was identical to the isolates of the homosexual
men in our study whereas the other was unique, but still related to the sequences
from the homosexual men. One explanation for the negative findings in the 3
patients is that the viral load was very low in the feces samples of these persons.
Alternatively, the primers did not recognize these viruses, or these persons were
actually not HAV-infected at all. Which of these explanations is most likely cannot
be decided from the available information. One of the 2 persons from whom only
one sample was tested, had a positive IgM anti-HAV test but no clear clinical
symptoms nor any obvious risk factors for hepatitis A, and he did not seroconvert
for HAV IgG. Possibly the positive IgM anti-HAV test was due to an aspecific
reaction connected with a reactivation of latent EBV infection [17]. The other was
a 10-year-old Moroccan girl, born in the Netherlands. Her risk factor for acquiring
HAYV infection was a school contact with a hepatitis A-positive person.

Sequencing of variable regions within the capsid proteins of wild-type HAV iso-
lates from different regions of the world revealed nucleic acid heterogeneity with
limited amino acid heterogeneity [14, 9, 10, 11, 18]. On the basis of the nucleic
acid heterogeneity, HAV isolates could be differentiated into 7 genotypes. A
genotype is defined as a group of viruses that differ at no more than 15% of their
base positions, and a subgenotype as having less than 7.5% heterogeneity [10].
In Western Europe, HAV isolates have been identified from multiple and possibly
imported genotypes [10]. Such genetic analyses can provide valuable information
with regard to the source of the virus in both sporadic and epidemic infection [11,
19, 20]. In the present study, sequence analysis was performed under code (i.e.,
blinded to the sequencing laboratory) and found to be highly reproducible: all
time points tested in 6 follow-up cases yielded identical sequences in each case.
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There was a clear distinction between the viruses derived from the group of ho-
mosexual men and the sequences derived from the immigrant children who were
mostly from Morocco. The reference virus (HM175) belonged to subgenotype 1B
and clustered closest to the Turkish/Moroccan viruses. The virus sequences
derived from the Dutch homosexual men clustered most closely with isolates
from the USA belonging to subgenotype IA [10]. Previous studies by our group
[21] and others [22] have found homosexual men to be a high risk group for
hepatitis A virus infection, but in these studies no molecular epidemiology was
performed.

The reservoir of the hepatitis A virus that circulates among the Dutch homosex-
ual men is not known. Its low incidence among them and other people with a
Dutch background suggests an ongoing unnoticed transmission by a series of
asymptomatic infections. Ano-oral contacts, especially those performed sexually
in “darkrooms” in gay bars by homosexual men are epidemiologically associated
with HAV transmission [23]. The extent to which subgenotype IA virus is present
also in drug abusers and other adults in the Netherlands requires further study.
Scandinavian studies on HAV infection among drug users have shown identical
sequences of the outbreak strains but divergence of up to 10 % between these
and the strains isolated from non-drug users [24, 25]. It is also interesting to see
whether the virus is sporadically introduced in the Dutch population by food or by
contact with sewage [26, 27].

Our molecular typing results confirm that import of HAV into the Netherlands
occurs, but also endemic strains could circulate. High incidence at risk groups
can benefit from this knowledge by a targeted vaccination strategy, which is
presently practiced in the Netherlands. Future studies of transmission routes
among risk groups will provide a basis on which to decide whether universal or
targeted vaccination is the best option for the Netherlands. Studies such as these
also show that molecular epidemiology is a powerful tool to trace viral transmis-
sion through the community and provide evidence for contact tracing.
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The importance of acute hepatitis to military forces is reflected in some of the names
which have been employed to describe this illness: Jaunisse des camps, Kriegsick-
terus, Soldatengelbsucht, Campaign jaundice.

William H Bancroft, Stanley M. Lemon. Hepatitis A from the Military Perspective. In:
Robert J. Gerety, ed. Hepatitis A.. 1984.

During the 17" to 19" centuries, large epidemics of hepatitis were recorded, particu-
larly in association with military campaigns; during the American Civil War, more
than 70,000 cases of epidemic jaundice were recognized.

Margolis SM, Alter MJ, Hadler SC. Viral hepatitis. In: Evans AS, Kaslow RA, eds.
Viral infections of humans. Epidemiology and control. 1997:363-418.
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